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Preface 



REALIZING the great need for a more scientific kno\d. 
edge of electricity on the part of thousands of practical 
men of limited technical education, an attempt has l)een 
made in the following pages to give a presentation of the subject 
which shall be easily understood by such men, and at the same time, 
cover all the essential principles and methods. The principles 
usually deduced by higher mathematics are here made clear by 
careful explanation and a large nunil>er of diagrams drawn 
especially for the text. Numerous engravings exemplify modern 
practice, and form a pictorial index to the latest and best methods 
of applying electricity to lighting, railways, power transmission, 
machine tools, etc. 

€LThe Cyclopedia of Applied Electricity is based upon the method 
which the American School of Correspondence has developed and 
successfully used for many years in teaching practical electricians 
the scientific principles underlying their work. It is compiled 
from the most valuable of the School's Instruction Papers and 
forms a simple, practical, concise, and convenient reference work 
for the shop, the library, the school, and the home. 

CThe success which the American School of Correspondence has 
attained in teaching thousands of electricians is in itself the best 
possible guarantee for the present work. Therefore, while these 
volumes are a marked innovation in technical literature, represent- 
ing as they do the best methods of a large number of different 
authors, each an acknowledged authority in his work, — they are 
by no means an experiment, but are in fact the essence of the mofl* 



successful method yet devised for the education of the busy 
working man. 

€L Among the sections of most practical value are those on Alter- 
nating ('urrent Machinery, Storage Batteries, Electric Wiring, 
Lighting, etc. In tliese pages tlie authors have succeeded in 
presenting the subjects in sucli manner as to overcome the hitherto 
insurmountable obstacle — ^higher mathematics. Tlie rules and 
formulae are presented in a very simple manner, and special effort 
has l)een made to illustrate every principle by diagrams and prac- 
tical examples. 

•LXumerous examples for practice are inserted at intervals; these 
with the test questions, help the reader to fix in mind the essential 
points, thus combining the advantages of a textbook with a refer- 
ence work. 

€L(Trateful acknowledgment is due to the corps of writers and 
collaborators who have prepared the many sections of this work. 
Tlie hearty co-operation of these men — engineers of wide prac- 
tical experience, and teachers of acknowledged ability — has alone 
made these volumes possible. 

<LThe Cyclo{H*dia is published in the belief that it will meet a 
real need among designers, constructors and operators of elec- 
trical machinery. That it may save many weary hours of search 
among the scattered textbooks and reference works of the day, — 
books which being intended largely for col lege -trained men are 
necessarily far from meeting the needs of the average [practical 
man, is the hope of the compilers and publishers. 
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THEORY OF DYNAMaELECTRIC 

MACHINERY. 



THEORY OF THE GENERATOR. 

Definition. A dynamo-electric machine is a machine in which 
mechanical enei-gy is converted into electrical energy, or vice versa^ 
by means of electro-magnetic induction. 

The term geiierator is commonly applied to a machine which 
conyerts mechanical energy into electrical energy. 

A motor serves to convert electrical energy into mechanical 
energy. The generator and motor are similar in construction, but 
the operation of one is the reverse of the other. The motor is 
separately considered in a following Instruction Paper. 

The operation of a dynamo-electric machine depends upon the 
relation existing between magnetism and the electric current, and 
the fundamental principles will now be considered. 

FUNDAMENTAL PRINCIPLES. 

The Magnetic Field. The space surroimding a magnet is 
subject to its influence, and is called its magnetic field. This 
influence is exerted in certain definite directions, and its strength 
and direction are represented by lines of magnetic force. Tlie 
strength of the field is indicated by the number of magnetic lines 
per unit area, and is called its density, or magnetic induction. 

Fig. 1 represents the field of a permanent magnet, the lines 
of force passing outside the magnet from the north to the south 
pole in curved paths. The number of lines per unit of cross- 
section, and therefore tlie strength of the magnet, is greatest at 
the poles. 

Magnetic Field of a Conducting Wire. Whenever a current 
of electricity passes through a conducting wire, the current creates 
a magnetic field, which sun*ounds the wire, as shown in Fig. 2. 
The magnetic lines of this field encircle the wire and have their 
greatest density near the same, gradually decreasing in effective 
strength as the distance from the wire increases. These magnetic 
lines of force represent a form of energy ; and, in fact, a 001 
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portion of the energy of the current lies in the surrounding mag- 
netic field. 

The direction of the magnetic lines about the conductor 
always befrs a definite relation to that of the eurient. When 
lookioff along the wire in the direction of the current, the direc- 




Fig. 1. 

tiou of the lines of force will always be light-lianded ; tliat is, 
looking at the left-hand end of the conductor shown in Fig. 2, the 
current being from left to right, the lines of force have the same 
direction as the hands of a watch. 

Field of a Solenoid and Electro-magnet. When a conduc- 
tor is made in the form of a coil, and a current passed through 
the same, the lines of 
^force, which would other- 
i encircle eiveh turn 
of the conductor, unite 
and form a sti'ong magnetic field similar to that of a magnet. 
The magnetic field of a solenoid is represented by Fig. 3. 
When the coil is supplied with a core of soft iron, the 
effective strength of tlie magnetic iicld is greatly ineieased. Such 
a combination is called an electro-magnet, and has tite properties 
of a permanent magnet. 

Tlie end at which the lines of force leave the iron core and eoil 
is called the north pole, and the end at which the lines enter the 
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THEORY OF DYNAMO-ELECTMC MACHINERY. 5 

iron core and coil is called the south pole. When a person is facing 
the south pole, the direction of current in the coil is always in the 
same direction as the hands of a watch; and when facing the 
north pole, the current is in the opposite direction to the hands 
of a watch* This gives a very simple rule for determining the 
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Fig. 8. 

relation between the direction of current and polarity ot the. 
magnet. 

Induced Currents. It would be supposed from the fact that 
a magnetic field is created by the passage of a current through a 
conductor, that the reverse action would also take place; that is, 
the creation of a magnetic field about a conductor would cause the 
production of a current, and such is found to be the case. The 
currents created in this manner are called iruliiced currents, and 
are said to be produced by induction. 

The subject of production of currents by induction is briefly 
considered in " Elements of Electricity," and the student will note 
the following facts : 

Ist. It is only by certain changes of relation between mag- 
netic field and the conductor that the current is produced. 

2nd. The change may ba due to an increase or decrease in 
the strength of field about the conductor, and the current flows 
only while this change in field strength takes plnce. 

3rd. The induced current flows in the opposite direction 
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6 THEORY OP DYNAMO-ELECTRIC MACHINERY. 

when the field strength is increased to that in which it flows when 
the field strengtli is decreased. 

4th. The change in field strength may be produced by the 
movement of a permanent magnet, solenoid or electro-magnet in 
the neighborhood of the conductor, — the source of the field is 
immaterial. 

5th. Relative movement only is necessary, and hence it is 
immaterial whether the conductor is moved through the field or 
the field moved across the conductor. 



^ 



Fig. 4. 

6th. The current flows tlirough a closed circuit only as 
a result of the induced electro-motive force which is first created, 
and the strength of the current depends upon tlie value of the 
induced electro-motive force and resistance of the circuit, in accord* 
ance with Ohm*s law. 

Movement of Conductor Across the Field. We shall now 
consider more fully the production of E. M. F. and current by 
movement of a conductor across a magnetic field. 

In Fig. 4 the dots represent the lines of force of a uniform 
field, tlieir direction being upward through the paper. O repre- 
sents a conductor which id movable on the mils A and jB, the cir- 
cuit through 5, C and A being completed by the connecting wire 
2>. Now when O slides along the rails, it cuts across the lines of 
force, an £. M. F. is induced, and a current flows, as indicated. 
The movement of O across the field causes a difference of poten- 
tial between its ends, due to the fact that there is a continual 
cutting of lines of force about the conductor. If tlie slide were 
moved endwise, however, no £• M. F. would be generated, as no 
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THEORY OF DYNAMO-ELECTRIC MACHINERY. 7 

lines would be cut, and during such movement there is no relative 
change of field with reference to the slide. The same would be 
true if the slide were moved vertically with reference to the 
paper. The moment there is any cutting across of the lines there 
is an E. M. F. induced. Such induced E. M. F. exists, however, . 
only duiing the movement of the slide. 

Value of Electromotive Force. The magnitude of the 
E. M. F. generated depends upon the rcUe at which the conductor 
cuts across the magnetic lines; that is, it depends upon the 
number of lines cut in a unit of time. If the conductor cuts 
across the field in a plane perpendicular to the lines of force, as 
indicated in Fig. 4, the E. M. F. would depend only upon the 
field area passed over in a unit of time and upon the density of 
the field. It therefore follows that the rate at which the lines are 
cut is determined by the length of the conductor, its speedy and 
the strength of magnetic field. 

Taking, for example, the simple conditions of Fig. 4, let 2/ 
represent the length of slide (?, v its velocity, and B the field 
density, then 

E. M. F. varies as L X v X B. 

The electric and magnetic units are based upon the metric 
system, and have been so chosen that when a conductor cuts 
100,000,000 lines of force per second, there exists a potential 
difference between its ends of 1 volt. The imit upon which the 
volt is based is the potential difference generated by moving 
a conductor 1 centimeter long at the rate of 1 centimeter per 
second across a field which has a strength of 1 line per square 
centimeter. This very small unit would be inconvenient for 
practical purposes, and so the volt was taken as 100,000,000 times 
this quantity. Hence it follows that 

p _ LXvXB _ LXvXB _ r v •, v » v ift-» 
^ " 100,000,000 m ^XVXBXIO 

where J? = E. M. F. in volts induced in moving conductor: 

L = length of conductor in centimeters ; 

V = velocity in centimeters per second ; 

B = number of lines of force per square centimeter. 
Therefore, having given the length of conductor, the velocity 
and the field density, the'E. M. F. generated may be computed 
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8 THEORY OF DYNAMO-ELECTRIC MACHINERY, 

readily ; or if any three of the quantities are given, the fourth may 
be determined. 

Example. — A conductor .6 meter long cuts a<5ross a uniform 
field having a density of 8,000 lines per square centimeter at the 
rate of 90 meters per minute. What is the voltage generated? 

Solution. — Applying the preceding formula, i = .6 X 100 = 
60 cm., V = ^^ ^^^^ = 150 cm., and 5 = 8,000. 

Substituting these values, 

J? = 60 X 150 X 8,000 XlO"® = .72 volt. 

Ans. .72 volt 

Example. — In order to generate a voltage of 1.1 by a con- 
ductor 1 meter long, when moving across a uniform field at the 
rate of 108 meters per minute, what must be the magnetic 
induction ? 

Solution. — The known quantities are 

E= 1.1, i = 1 X 100 = 100, V = ^^^ ^ ^^^ = 180. 

Substituting these values, 

1.1 = 100 X 180 X ^ X 10""® 
^ P _ 1.1 X 100,000,000. 

^'' ^- T8;ooo 

= 6,111 + Ans. 6,111 4- lines. 

Direction of Induced Current. There is a definite relation 
between the direction of induced E. M. F., or current, the direction 
of motion and the direction of the Unes of force. Referring to 
Fig. 4, and remembering that the lines of force are assumed to 
pass upward through the paper, and the slide C to move to the 
left, the direction of current along C ^vill be that indicated by 
the arrow. The direction of lines of force, motion and current 
are all at right angles to each other. If C were moved to the 
right instead of to the left, the current would flow in the opposite 
direction to that indicated. 

A simple rule for determining the direction of current is the 
"finger-rule" of Dr. Fleming. This is illustrated in Fig. 5, 
When the first three fingers of the right hand are placed so that 
they are at right angles to one another, then if the forefinger is 
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pointed in the direction of the lines of force and the thumb in 
the direction of motion, the middle finger will indicate the direction 
of induced E. M. F., or current. 

For example, if the lines of force were horizontal and passed 
from left to right and the conductor moved upward in a vertical 
plane across the lines, the direction of current in the conductor 
would he away from the observer. Also, if the direction of the 
lines of force of Fig. 4 were downward through the paper and the 
slide O were moved to the right, the current would still be in the 
same direction as that indicated. That is, if the direction of both 
the field and of motion be reversed, then the direction of current 
remains unchanged. Reversing either the field or the motion will 
reverse the direction of current. 
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Fig. 5. 



Fig. 6. 



E. n. F. in Closed Coil. The E. M. F. is generated in the 
dynamo-electric machine by movement of coils of wire through a 
magnetic field. We shall now consider the E. M. F. generated in 
a closed coil when moved in different ways through a magnetic 
field. 

The dots in Fig. 6 represent a uniform magnetic field passing 
upward through the paper. A B C D represents a closed con- 
ducting coil, and let us suppose it is moved to the right, as in- 
dicated by the arrow. In such an event, sides A and cut no 
lines of force, and no E. M. F. is generated by them. Side J?, 
however, cuts the field, and by applying Fleming's rule it is 
evident that an E. M. F. is generated in the direction shown by 
the arrow applied to B. Also, as side 2> is subject to the same 
conditions, an E. M. F. is generated in the same direction as that 
in J?, and as each cut the same number of lines of 
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the same time, the E. M. F.'s generated are equaL Sides A and 
(7, although not effective in cutting the field, serve as connecting 
conductors for the other sides. It is clear from the figure that 
the E. M. F.'s in B and D oppose each other, and therefore no 
current flows. In a similar manner it may be shown that no cur- 
rent will flow, no matter how the coil is moved, provided it 
always lies in a plane perpendicular to the magnetic lines. The 
E. M. F. generated in one part of the coil will always be opposed 
by an equal and opposite E. M. F. generated in the remaining 
part. 
^ 1 When, however, the coil is turned 

— about an axis, the result is different. 

— This may be understood by consider- 
ing Fig. 7. Here the magnetic lines 

are represented as passing from right 

to left, and the coil as being turned 

— about an axis in the direction in- 

— dicated. The sides A and O cut no 
lines of force, and therefore generate 
no E. M. F. For the position shown, 
side B is moving downward through 
the paper and cuts directly across the 

lines and generates an E. M. F. in the direction indicated. Side D 
is moving upward, and therefore generates an E. M. F. in an 
opposite direction to that in B. These two E. M. F.'s, therefore, 
act in the same direction through the coil, and a current flows; 
the full E. M. F. of the coil being the sum of that generated by 
each side. This applies to every position of the coil as it rotates 
about its axis. 

While the coil rotates, the number of magnetic Unes passing 
through it is constantly changing, being a maximum when 
at right angles to the lines, and being zero when parallel to the 
lines, as in the position shown in Fig. 7. On the other hand, for 
the movements referred to when considering Fig. 6, the same 
number of lines passes through the coil at all times, and it may be 
stated as a general rule, that an E. M. F. is generated in a closed 
circuit when the same is moved so that the number of magnetic 
lines passing through it is altered during the motion. 



<r 



Pig. 7. 
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APPLICATION OF PRINCIPLES TO DYNAnO-ELECTRIC 

riACHINES. 

As an E. M. F. is induced in a conductor only while it moves 
through a magnetic field, thus cutting the lines, it is necessary for 
the production of a continuous current to have conductors armnged 
and interconnected so that some are always effectively cutting the 
field. This result is attained in the generator by rotating such 
conductors between the north and south poles of a magnet. We 
shall first consider a single conductor so rotated. 

E. M. P. Induced by Rotating Single Conductor. In Fig. 8 
suppose a conductor perpendicular to the paper to revolve with 
a uniform motion on the dotted circle between the N S poles, the 
field having a uniform density. The right-hand portion of the 
figure will then represent graphically the varying values of 
the induced E. M. F., and is called the curve of induced E. M. F. 




3Cf' \ i / '^JSOT 




Fig. 8. 

The horizontal line is divided into equal parts at points a, i, c, 
etc., and represent intervals of 30° in the rotation of the conductor. 
That is, the distance to the curve above or below the line at any 
point a, i, Cj etc., represents the value of induced E. M. F. for the 
corresponding position of the conductor. For example, when the 
couductor is at the position 0% it is then moving parallel with the 
lines of force, and no E. M. F. will be induced. Hence for 0® at 
a the value is represented as zero, which forms the starting-point 
for the curve. Wlien the conductor has travelled 90° and is 
opposite the middle of pole iV, it is cutting directly across the 
field, and at this time generates the maximum E. M. F. The 
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curve is therefore at its highest point above ef. At tlie inter- 
mediate points 80° and 60° between 0° and 90° the E. M. F. 
gnuliijilly in(nja8(»s as represented at b and c. As the conductor 
continues to revolve, a less and less number of lines are cut, until 
at 180^ it is again moving parallel with the Unas, and no E. M. F. 
is induced. This condition is represented at ff where the curve 
('r()ss(\s the line. At intermediate points between 90° and 180° 
the Vj, M. F. has a gradually deijreasing value. After passing the 
180° position the conductor again begins to cut a gradually 
increasinsf num])er of lines, but now cuts across them in the 
opposite direction to that during the first half of the revolution. 
The E. M. F. induced will therefore be in the opjx>site direction. 
Hence at 210° and 240° the E. M. F. gradually increases in an 
opposite direction, as shown at h and i. At 270° the maxinmm 
E. M. F. is Ix^ing generated in the revei*sed direction, as repre- 
sented aty. Upon completion of the 300° of one revolution, the 
E. ^I. F. again becomes zero. By continuing the rotation of the 
conductor the above series of changes will be repi^ated during each 
revolution. Ib.MJce during each i-evolution the induced E. M. F. 
rises i^rom zero to a maximum, decreases, revei'ses, rises to a max- 
imum in tlie opposite direction, and decreases to zero again. 

Simple Form of Alternating: Current Qenerator. We have 
seen that whcMi a coil is rotated in a magnetic field, the opposite 
sides aid eacli otlier and tlie E. M. F. is double that produced by 
a single conductor. By the use of such an arrangement of a 
c'jil a simple form of alternating current machine is created. Fig. 
repi'esents the arrangement. The coil is mounted so as to rotiite 
bftwcen the north and south poles of a magnet. The ends of the 
coil are connect(Ml to copper coUedinu rings R li^ mounted on 
the shaft with the coil l)nt insulated from each other. Upon each 
ring 2)resses a stationary hrumh 7?, which is always in contact 
therewith, and serves to conduct the (?urrent to an outside circuit 
W. A complete circuit is then made up from one brush through 
the external wire W to the other brush, then to its collecting ring, 
through the coil to the other collecting ring, and to the firet brush 
again. The alternating current produced by the rotation of the 
coil will then pass to the external circuit through the collecting 
rings and brushes, and during one-half of a revolution the current 
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• 

will pass in one direction and during the remaining half in the 
opposite direction. The current in the external circuit is available 
for doing work, and may be passed through motors, lamps, heat- 
ing appliances, etc. 

The Commutator. For the purpose of producing a direct 
current from the alternating ciiiTent induced by a rotating coil, 
a device called a cammvMtor is necessary. Its simplest form is 
shown in Fig. 10, and consists of a split copper ring, the two 
^egmefits of which are insulated from each other, and each seg- 





Fig. 9. 



Pig. 10. 



ment is secured to one end of the rotating coil. Although an 
alternating E. M. F. is induced in the coil, by the use of the com- 
mutator the current in the external circuit is always in the same 
direction. This may be understood from Fig. 10. 

For the position of the coil shown, its current will be in the 
direction indicated and will pass to segment A^ brush B, through 
the external circuit to brush B' and segment -4' to the coil. As 
the coil continues to rotate, the E. M. F. gradually decreases, until 
when 90^ from the position shown, the E. M. F. is zero. At this 
time the segments are located so that the brushes are about to 
break contact with one segment and make contact with the other. 
Further rotation induces an E. M. F. in the opposite direction, 
but the segments have then passed from one brush to the other 
and the direction of current in the external circuit therefore 
remains unchanged. That is, when the current in the coil is in 
the direction indicated, segment A will deliver current to brush jB, 
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but when in the opposite direction segment A will be under 
brush Bf and receive current from it/ The commutator therefore 
serves to change the direction of the alternating current in the 
coil to a direct current in the external circuit. 

Form of Curve. The curve of induced E. M. F. in the ex- 
ternal circuit when a two-part commutator is used is shown 
in Fig. 11, and is the same aa that in Fig. 8, except that -the 
negative portion of the curve is turned above the horizontal. 
The direction of the current is always the same, but rises 
to a maximum and falls to zero twice during each revolution, 
giving what is called a pvlsating current. It must be remembered, 

however, that the 
form of curve shown 
is the theoretical 
cun'e, with the as- 
sumption that the 
speed is constant and 
the field density unifonn. With the actual irachine, of course, the 
conditions are modified more or less, and other considerations, 
such as self-induction and distortion of the field, materially alter 
the form of the curve. 

The coil, instead of consisting of a single turn, may be made 
up of two or more, as shown in Fig. 12. The sum of the electro- 
motive forces induced in each turn is the resulUint E. M. F. of 
the coil. Hence if there are w turns, the resultant E. M. F. will 
be n times the E. M. F. induced in one turn. 

Owing to the fact that a pulsating current is generally unde- 
sirable for practical work a two-part commutator is now seldom used. 
The current is rendered nearly constant in value, however, by the 
use of several coils and a commutator made up of a corresponding 
number of segments. The coils are interconnected so that the 
E. M. F. induced in each is added to that of the others. The 
various methods of connecting will be considered on following 
pages, and only the principle will now be considered. 

Suppose we have two coils at right angles to each other 
revolving in a magnetic field, and connected in such manner as to 
assist each other and yield a direct current to the external circuit. 
Then, while the maximum E. M. F. is Induced in one cpil« no 
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E. M. F. will be induced in the other, and at intermediate points 
there will be gradual changes. In Fig. 13 the dotted lines indi- 
cate the E. M. F.'s induced separately in the two coils, one being 
90° in advance of the other. The combin- 
ing of the two curves produces the curve 
in full lines, which is formed by taking the 
sum of the dotted cuives. The upper curve 
therefore represents the fluctuation in 
E. M. F. of the combined coils, and it is 
evident that the amount of fluctiiation is 
greatly reduced. In a similar manner it 
may be shown that a further increase in 
the number of coils, spaced uniformly, will 
cause less and less fluctuation, and by 
using 80 or more coils, a practically con- 
stant current may be obtained. 

Parts of the Qenerator. Fig. 14 illustrates the essential 
elements of a generator, which consist of two principal parts, — 
the stationary field magnets and the armature which revolves 
between the poles. A current is passed through the winding 
around the cores F F, to produce the magnetic field in which the 




Fig. 12. 




coils may rotate. A path for the magnetic lines is provided by 
the iron cores F Fy the t/oke F, the pole pieces NS and the arma- 
ture as indicated by dotted lines. The armature is made up of the 
coils and a soft iron core which serves to conduct the magnetic 
Jines. All the coils are interconnected by means of the commvr 
iator C. The brushes B B press lightly upon the commutator 
and conduct the current to the external circuit, as has been pre- 
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viously explained. The brushes are made adjustable and are 
carried by brush-holders on a rocker or ring provided for the 
purpose. 

Frequently, and in all large machines, more than two poles 
are used. Fig. 15 illustrates the magnetic circuit of a dynamo 
with four poles. Machines having two poles are called bipolar 
machines, while those with more than two poles are called multi- 
polar. Some machines have as many as 32 poles. The magnetic 
circuit is always of such form and construction as to produce a 
strong field i:i which the armature rotates. For this purpose it is 

desirable to have the 
length of the magnetic 
circuit, or the distance 
through which the lines 
of force pass, as short as 
possible. The material 
of this circuit is soft 
iron or soft steel, in 
order that the field may 
have great density. 

Referring to Fig. 
14, it will be seen that 
the magnetic lines pass 
through the yoke, field 
cores and pole pieces, 
then pass across air 
spaces, called tlie air gaps^ and then through the armature core. 
The armature core is sometimes in the form of a pdrum and 
sometimes in the form of a ring, and is always made of very soft 
sheet iron or soft steel. Since the magnetic lines pass through 
air with great difficulty compared with the ease of passing through 
iron, the air gaps are always made as small as mechanical con- 
siderations will permit. 

The armature is composed of the core above mentioned and 
\he copper coils or windings about the core. The core serves to 
conduct the magnetic lines from one pole piece to the other; it is 
mounted upon a supporting frame of cast iron which is firmly 
secured to the driving shaft and therefore rotates with it The 




Fig. 14. 
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shaft is usually supported in self-oiling and self-aligning bearings, 
and must be constmcted so that the armature will always be 
centered between the pole pieces. 

Energy Required to Drive the Dynamo. Although there is 
no mechnnical resistance to tlie rotation of the aiTnature except 

friction, tlie mechanical energy required /" _^_ -v 

to drive the armature varies with the ^ '<S v^) v 

amount of electrical energy obtained. /^~"N^^Z^s3'^^ 
When no current is delivered, the armii- | I f •W) /" — \ \\r' ) 1 I 
tur© may be easily rotated; but as soon ttd A^^ ( ) M. tm 
as a current flow-s, it reacts upon the l L , ■^jQ2;i>f=^Kp' / J 
magnetic field and opposes the lotation, ^^ ' Ci^ •>''i /^^ 
and the greater tlie current, tlie greater / ^•- — -----'" \ 

the energy necessary to drive the ma- '~ Fi ie ^ 

chine. The amount of energy neces- 
sary to rotate the armature therefore increases as the load put upon 
the machine increases. 

ARMATURE WINDINGS. 

There are two distinct types of armature windings ; one is 
called the closed coil and the other the open eoil winding. 

In the closed coil winding, all the conductors are intercon- 
nected so as to form an endless winding, consisting of two or more 
htanchea connected in parallel. In the open coil winding tlie 
conductors are joined in groups, each group containing in series 
all conductor which have a similar position with reference to the 
field. The current is supplied to tlie external circuit only fi-om 
those groups which are generating the highest E. M. F. ; all other 
groups being cut out of the circuit temporarily. 

Armature windings may also be divided into rint/ and drum 
windings. In the firet, the conductors are wound upon and iu tlie 
form of a ring ; in the second they are wound longitudinally upon 
a cylinder or drum. Open coil windings are used only in special 
types of machines, such as those for arc lighting; closed coil wind- 
ings are used in machines for such common purposes as incandes- 
cent lamps, power and heating. 

Closed Coll Ring Windings. The ring winding is the sim- 
plest, and therefore will be first considered. 



18 THEORY OF DYNAMO-ELECTRIC MACHINERY. 

Figs. 16 and 17 represent a four-coil Gramme or ring 
winding having a four-part commutator, and consisting of four 
coils wound about the iron core, with the junction of the coils 
connected to the commutator bai-s. The magnetic lines from the 
north pole pass to the iron core and then to the south pole, as 
indicated by the dotted lines, there being no magnetic lines across 
the space enclosed by the ring. Hence as the armature rotates, 
the conductors on the exterior surface of the ring cut across the 
magnetic lines twice during each revolution, while the conductors 
within the ring merely serve to connect the outside conductors i» 
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Fig. 16. 

series, and are not effective in generating E. M. F. Each coil in 
Figs. 16 and 17 is made up of three external conductors, and 
therefore the E. M. F. of each coil will be three times that of a 
single conductor. 

In Fig. 10 coils A and C are shown as having partly entered 
the magnetic field, and coils B and D about to pass out of the 
field. The path of the current is indicated by the arrows and 
passes from the external circuit to the lower brush and one bar of 
the commutator; it then divides and passes through coils A and B 
in series on the left, and coils D and C in series on the right; it 
then unites, passing to the upper commutator bar and upper 
brush to the external circuit. As there are two coils in series, the 
total E. M. F. will be the sum of the E. M. F.'s of the two coik for 
this position. 
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Fig. 17 shows the position After Die armature has advanced 
45° from that shown in Fig. 16. CoiU A and Care then gener- 
ating the maximum E. M. F., and the cuitent passes from the 
lower brush tlirough coils A and Cin parallel to the up|)er bruBli. 
Coils B and J) are in what is called the "neutral ])o^itioii," and 
generate no E. M. F. ; in fact, they are tempomrily cv,t out of the 
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circuit, the commntatoi hare and bruslies forming direct conneo- 
tiona between coils A and C. Coils B and D are said to be short- 
circuited; that is, there is a direct connection of low resistance 
between the ends of 
these coik by the com- 
mutator bars and 
brushes, and no current 
will then {)ass through 
the coils. 

Upon further rota- 
tion, coils B and J) will 
pass to the other side 
of the brushes and they 
will then generate an E. M. F. in the opposite direction. 

Fig. 18 shows ft ring-wound armature with six coils and as 
shown, the current divides, p:issing through the two halves of the 
winding in parallel. All the coils on one side are in series, and 




Fig. 18. 
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each add their portion to the total E. M. F. ; the greater the 
number of coils, the less will be the fluctuation in the current, as 
explained on page 15. The E. M. F. of each coil varies at dif- 
ferent positions, and the E. M. F. generated by some of the coils 
ia increasing, while that of others is decreasing. The total 
E, M. F., however, remains practically constant when thirty or 
more coils are used. 

Fig. 19 shows a ring winding for a machine with four poles. 
The \vinding is the same in form as for a bipolar machine, but the 
number of brushes and number 
of circuits through the armature 
is doubled. Therefore thereare 
two positive bruslies and two 
negative brushes. The two posi- 
tive brushes are electrically 
united and connect with the 
positive wire of the external 
circuit, while the two negative 
brushes are united and connect 
with the negative wire of the 
external circuit. The current 
divides at each of the negative 
brushes, passing in parallel 
through four circuits (two for each brush) to the positive 
brushes. 

For machines with a larger number of poles, there would be 
a corresponding increase in the number of circuits through the 
armature. 

The number of pairs of brushes may also be correspondingly 
increased or there may be but one pair since all terminal sections 
of the same sign (-(- or — ) can be soldered together. 

Closed Coil Drum Windings. Drum windings are distin- 
guished from ring windings in that all wires of the drum armature 
arc distributed over the outside surface of the core. The winding 
forms a cage which envelops a cylindrical iion core. In the ring 
armature a laige portion of the winding merely serves as con- 
necting leads for tliat part which lies on tlie exterior of the core. 
In the drum armature, however, the only conductors serving as 
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connectors are at the ends of the cylinder, and therefore a very 
different form of winding is necessary. 

In the ring winding, adjacent conductors are connected 
directly in series with each other by looping around the ring core, 
but in the drum winding the return portion of the loop must lie 
on the exterior of the core, and in order that the E. M. F. induced 
in each part shall aid the other, the return portion mast lie under 
a pole of opposite po- 
larity to that under 
which the forward por- 
tion lies, as in Figs. 9 
and 10. 

The current in pass- 
ing through the arma- 
ture from brush to brush 
must gradually progress 
through each turn in 

series. Fig. 20 illus- ^FlTT^ 

trates a portion of a 
drum winding, only two complete turns being shown. The small 
circles represent end views of conductors on the surface of the 
armature. The crosses and dots indicate the direction of cur- 
rent, the cross representing the tail of a retreating arrow and 
the dot the head of an approaching arrow. The cun*ent gradu- 
ally progresses from bar to bar of the commutator as indicated 
by the arrows. The current passes to bar A from a conductor 
at the left of the core, under the influence of the south pole, 
then by a spiral connector to a conductor under the noiih pole, 
thence by a spiral connector at the back end of the core to a con- 
ductor under the south pole to bar 5, then by a spiral connector 
to a conductor under the north pole, etc. It will be noticed that 
only the alternate conductors are connected in series, but the 
intermediate conductors are connected in series with each other 
to the right-hand half of the commutator. 

In order to make all end connectors of the same length 
and form, the commutator is usually turned 90° in advance 
of the position shown in Fig. 20, giving an appearance as 
in Fig. 21. ' This causes brushes of drum-wound machines to 
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be opposile the poles imtead of between them es in ring-wound 
niacluiies. 

Fig. 22 gives an end view of a complete drum winding i 




■ gives 1 

which there me ten complete turns and ten comnmtalor bars. 

The windings foim txvc 

circuits in |iar:illel fmrn 

brush to brush, ns may be 

seen by tracing out the 

paths of tlie cun-ent. All 

parts of the winding are 

Bitnilar to each other, and 

a portion, called an ele- 

ment, is made in heavy 

lines to show clearly the 

Pj 21 general shape of the turns. 

Fig. 23 shows a form 

of drum winding for a four-pole machine with fifteen turns 

and fifteen cnmmntiitor biira. It will be seen from the figure 

that there are four 8ep:ii-ate circuits between the brushes, two 

being in parallel from ^ 

each brush to the 
other. 

Open Coil Wind- 
ings. Open coil 
windings aie similar 
to closed coil, except 
that there are no end 
connectors between 
the commutator bars ; 
each coil bfiiig alter- 
nately cut in and then 
out of the circuit. 
Such a winding of 
four coils with four 
commutator bais is shown in Fig. 24. 'fhe opposit* coils are 
connected in series and each pair of coils alternately make connec- 
tion with the brushes. 

In General. Only the simplest forms of winding of the 
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different classes have been considered on the preceding pages, and 
these were illustrated with figtirt'S showing a small number of 
turns. In the actual machine, however, the immlx'r of turns is much 
larger, and thei-e ure also a great variely of windings under oaoh 
tj-jie, many of which are equivalent electrically but allow consid- 
erable variation in the mechanical construction. The number of 
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poles and the number of brushes used also i>ermit the connecting 
of the conductors in a variety of ways. 

Calculation of E.M. P. Referring to page T,it is seen that 
tlie value of E. M. F. in volts generated by a conductor moving in 
a uniform field is given by the formula. 
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in which X ia the length of the conductor in centimeters, v the 
velocity in centimetei-s per second and B the field strength in 
lines of force per squitie centimeter. 

Prom the above foimulii we can arrive at tlie volt^e of the 
ftctual machine. By reference to the figures showing armature 
windings, it a]>pe»r8 that a single armature conductor is opposite 
a pole, and therefore active in cutting lines of foice only during 
certain periods of each i-evolution. The field opposite a pole is 
practicallj of uniform strength, and when a conductor is not 
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□nder a pole it is not effective in generating any E. M. F. 
Furtheimore, there are usually two or more circuits through tlie 
armature connected in parallel, and the voltage of the machine 
will, of course, be tlie voltage of each circuit. For bipolar machines 
there are two cii'cuits connected in parallel, and for multipolar 
machines there are usually an many circuits in parallel as there 
are number of |>oles, although the windings may be varied and 
interconnected iu multipolar machines so that the number of 
circuits in parallel may be different fiom the number of poles. 

The voltage of any machine will therefore depend upon the 
number of conductors in series from brush to brush. For a 
bipolar machine, this will be one-lialf the total number of con- 
ductors on the surface of the ai-mature. Of this one-half only 
those conductors opposite the pole piece are active. The 
voltage of such a dynamo will therefore he equal to tlie E. M. F. 
generated by a single conductor multiplied by one-half the total 
number of conductors, multiplied by that percentile opposite the 
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pole pieces. This percentage is usually from 70 to 80. This 
may be expressed by a formula as follows, 

N 

jj_ LXvXBx2Xp _ X X t; X ^ X Nx p 

108 2 X 108 

in which i, v and B equal tlie quantities previously given, JVthe 
number of conductors on the surface of the armatui*e and p equals 
the percentage of conductors opposite the pole pieces. 

Example. A bipolar machine has 800 surface conductors, 
each 12 centimetere long, and the i)ercentage opposite the pole 
pieces is 80. The speed is 1,200 revolutions per minute and the 
diameter of armature is 40 centimetei^. The field density opposite 
the pole pieces is 3,000 lines per square centimeter. What is the 
voltage of the machine ? 

Solution. For this case i = 12, t; = 8.1416 X 40 X -^^ = 
8.1416 X 40 X 20= 2513.28, B= 3,000, iVr= 800, and jt? = .80. 

Hence, 

^ _ 12 X 2513.28 X 3000 X 800 X. 80 ^ 289.529 approx. 

2 X 108 ^^ 

Ans. 289.529 volts. 
Example. What field density is necessary for a bipolar 
machine, in order to give a voltage of 220 at 900 revolutions per 
minute? The annature has 400 surface conductors, is 30 centi- 
meters in diameter and 16 centimeters long, the percentage 
opposite the pole pieces being 74. 

Solution. Here E = 220, i = 16, t; = 3.1416 X 30 X Y/ 
= 1413.72, JV^= 400, p = .74, and 5 is to be found. 
Hence, 

990 _ 16 X 1413.72 X ^ X 400 X .74 

2x 108 
or 16 X 1413.72 X4X 74 5 = 2x108 x 220 

p _ 2 X 108 X 220 

16 X 1413.72 X 4 X 74 
= 6,571 approx. 
Ans. 6,571 lines per sq. cm. 

The fonnula on page 25 may be altered slightly to give the 
voltage of any machine, depending upon its winding. For 
example, for a four-pole machine with four circuits in parallel 
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through the armature, the voltage will be that generated by one' 
fourth of the surface (conductors, and the formula becomes, 

E =J-^ '^ ^ ^ '^ ■^^'^i' 

4X10» 

It must be remembered that JT equals th j total number of 
surface conductors on the armature. P'or a rincr- wound armature 
iV would bi^ equal to the number of turns, and for a drum-wound 
armature iV would equal twice the number of turns. 

Factors Determining Voltas^e. From the preceding it is 
clear that the voltage of a dynamo depends mainly upon three 
factors: speed, field strength, and length and number of con- 
ductor on the armature. The volUige may be increased by 
increasing any one of them. The speed of a machine is limited 
by mechanical considerations, and low speeds are gi-eatly favored 
for tliis reason, and also to enable the driving engine and the 
geneiator to be directly coupled. The voltage obtained bj using 
a large number of armature conductors is limited by troublesome 
sparking at the brushes, and the cost is also greatly increased. A 
high field strength is obtained by having large and powerful field 
magnets. A strong field greatly increases the weight of the 
machine and also increases the cost of tlie iron and field winding, 
but is iidvantageous on account of good regulation and reduction 
of sparking. 

It must be remembered, however, that the formulas given 
above are for tlie theoretical values only, and these are some- 
what reduced by armature reactions which will be considered on 
the following pages. 

THE FIELD. 

Magneto-Dynamo. The field of early forms of dynamos 
consisted of permanent magnets, and such machines were 
called magnetO'dynamoB. These were objectionable on account 
of their great weight (a verj' large magnet being neoessaiy 
to give even a feeble field) and also on account of the gradual 
decrease in strength due to vibrations and inability to control the 
same. Very small machines of this type are still in use for light 
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work, such as ringing telephone bells, but larger machines have 
been replaced by those having electro-magnets. 

Ampere-Turns. The necessiviy magnetization of the wrought 
iron, cast steel and cast iron, which is used for the field frames of 
dynamos is produced by passing a current through the windings 
upon the frame, and the strength of the fiekl depends upon the 
number of turns in the coils and strength of current passing 
through them. In fact, the magnetizing force is proportional to 
the product of the number of turns in a coil and the strength of 
its current. This product of number of turns and the current in 
amperes is called the ampere-tums. As far as the amount of 
magnetization is concerned, it is immaterial how the number of 
turns and current strength are related to each other as long as the 
product is the same. That is, it makes no difference "whether 
there are 25 tunis with 2 amperes, or 10 turns with 5 amperes; 
the pi-oduct is 50 ampere-turns. 

Saturation of Magnets. There is a gi-eat difference between 
the relation of the ampere-turns or magnetizing force and the field 
strength produced thereby for different values in the magnetizing 
force. When the number of ampere-turns is small, the magnetiza- 
tion of the iron will increase rapidly for a small increase of 
magnetizing force, and as the ampere-turns become greater, the 
resulting field strength increases almost in direct proportion. 
The increase is not, however, in direct ratio. This rapid 
increase in field strength continues to a certain point and then 
the increase begins to be less and less for an equal increase in 
ampere-turns, until finally a great increase in ampere-turns pro- 
duces practically no increase in field strength. The iron is then 
said to be saturated^ or to be in a state of magnetic saturatio7i. 
An increase in the magnetizing force when this point is reached is, 
of course, of no advantage, and results simply in a waste of energy. 

Fig. 25 shows gi'aphically the relation between the magnetiz- 
ing force and the corresponding field strength for a sample of 
wrought iron. In this plot the abscissae or horizontal distances 
represent the magnetizing force II in ampere-turns, while the 
ordinates or vertical distances represent the field strength or 
induction B^ in number of Knes per square centimeter. The 
small c:rcle8 on the cuitc represent the points obtained by experi- 
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ment, itnd by means of which tlie curve is obtained. It appears 
from the curve that an increase in magnetizing force from to .5 
does not increase the magnetic induction nearly as much as does 
the incre^e from .5 to 1 .0, showing that it requires some little force 
to move the molecules from tlieir irregular jKisitioii into the more 
synunetrical arrangement which tliey are supposed to assume wlien 
magnetized. The value of the field strength is about 1,300 lines 
per square centimeter for 1 ampere-turn, and is 9,900 for 4 
ampere-turns, showing the increase to be very rapid. For 8 
ampere-turns tlte field density is 13,000 lines, showing the pro- 
portional increase to be mucli less for the field density than for 
the monetizing force, and beyond tliis point the increase in field 




Fig. 26. 



strength becomeis gradually less and less, until the curve 
approaches a straight horizontal line, when the iron is saturated. 

Types of Field Windings. There are four different types 
of field windings depending upon the method of excitation, giving 
rise to the following four classes of dynamos : 

1. The separately excited dynamo. 

3. The series dynamo. 

3. The shunt dynamo, 

4, The compound dynamo. 

Each will now be briefly considered in the order named. 

Separately Excited Dynamo. A sepai-ately excited dynamo 
is one having its field coils excited from some outside soui-ce, 
Buch as a battery or another dynamo. Fig. 26 represents such a 
machine, tlie two poles being excited by an outside current, and 
the current from the armature lieing available for supplying lamps. 
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motorst, etc. In tlie 8ej>arately excited niacliiiie the field excitation 
may l>e iiiaiiitiiined noiirly coiietint iri'e.sjiecti vo of tlie change in 
loail [lilt iijion the dynunio, but it requires an outside current 
Kupidy, ' Tlit'ia aie Init few direct current niacliiifea having 
sepumtu tiuld excitiitioii, hut on account of the nature of the 
current derived from altermiting current m»chiues they are usually 
sepai-iUely exeited. A small direct current dynamo called its 
exciter is used foi- tliis purpose. 

'I he IJeries Dynamo. We now come to consider dynamos 
which are self-exciting ; that is, they supply their own fleld current 
and lire therefore self-con biiued. Of these, the simplest is the 
series dynamo or serteg-teojind macliine, and in this type the main 




Fig. 27. 



current from the armature ia passe<l through the field coils and 
tlien to tlie external cireiiit. Such a connection is represented in 
Fif(. 27. As Uiesi- coils ciiny the main current of the machine 
they are of compamtively large si^e, but owing to the large current, 
only a small nnmher of turns are required to give the necessary 
niagnetiziition. 

The scries dynamo has the disadvantage that jt cannot be 
made to start action until a certain speed has been obtained, unless 
the resistance of the external circuit is below a certain limit. 
Furthermore, the dynamo requires a special regulatoi- to control 
the current and voltage with change of load, and about the only 
practical use for which it is adaj)tod is for operating arc lights. 

Shunt Dynamo. In the shunt dynamo or shunt-wound 
machine, the current from the armature has two paths through 
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whicli to flow. One is throagh the external circuit and tlie other 
is through the field coila. The connections are repieseiited in 
Fig. 28. Tlie current from the armature divides at the positive 
brush and passes through the external circuit to the negative 
brushf and also through the shunt windings to the negative brush. 




Fig. 26. 

the field coils acting as a shunt to the external circuit. In this 
niac)une the field windings consist of many turns of fino wire, and 
take only a small part of tlie current fi-om tiie aimatuie ; they 




Pig. 29. 



differ givatly from the aeries machine where there are hut few 
tui-na carryii^ a large cuirent. 

The shunt-wound machine is much better adapted for prao- 
tical service, such as lighting, and for supplying current to motors, 
than the scries machine, but has been largely replaced by the 
machine next to be considered. 

Compound Dynamo. The compound dynamo or compound- 
wound machine is a combination of the series and shunt windinf 
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The connections are shown in Fig. 29. In addition to the shant 
winding connected from brush to brush, the main current ia also 
passed through a few turns of large wire in series with the 
external circuit. With this arrangement the disadvantages of the 
shunt machine are overcome, and a machine which requires almost 
no attention during changes in load Ls produced ; that is, the 
machine is practically self-regulating, and is used almost entirely 
for supplying current for incandescent lighting and power. 

The action of the above considered machines is more fully 
considered in a following section. 

Self-Excitation. As the energy required to excite the field 

magnets is a very small part of that which the machine is capable 
of supplying, it is evident that after a machine is once running 
{here is no diflBculty in maintaining the field strength. The 
question naturally arises as to the production of current at start- 
ing. This is explained by the fact that iron, after it is once 
magnetized, retains a certain amount of magnetism aftei: the 
magnetizing force i^ withdi*awn ; this is called residual magnetism. 
Hence as the armature is rotated within this weak field, a slight 
E. M. F. will be generated which is sufl&cient to supply a feeble 
current to the field windings. This increases the field strength 
slightly, which in turn still further increases the E.M.F., and so 
on until the maximum voltage is attained. This action is called 
huUding up. 

ARflATURB REACTIONS, 

On the preceding pages we have considered the fundamental 
principles upon which the generator is based, and also its general 
construction. We shall now look into some of the important 
actions taking place during the operation. 

We shall first consider the simple action of the armature 
unmodified by reactions, and then see how this condition is altered. 

Simple Action. Fig. 30 represents an eight-coil ring arma- 
ture of a bipolar machine. Coils C and G are moving directly 
across the strongest part of the magnetic field, and are therefore 
generating thu maximum E. M. F. Coils B and F are just enter- 
ing the field, and 7) and //"are leaving the field and generating 
less E. M. F. than C and Q. 
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Coils A and E ane not cntdng acnns the fiekU and theivfoi^ 
genendng no £. M. F. Now all coils on the right-hand ludf 
of the ring are generating an E. M. F. in the same direction, and 
therefore assist each other to give the total E. M. F. of the machine^ 
while all coils on the left-hand half are also assisting each other, 
but generating an E. M. F. in ti.e opposite direction to that of the 
right-hand half. The current induced in the outside wires at the 
right-hand &de approaches the obserrer, while the current intlie out- 
side wires at the left recedes from the observer, causing an ascend* 
ing current in each half of the ring from the lower brash to t)>e 
upper brush. It will be noted that each brush for tlie position 
shown, bears upon two commutator bara, and the n^por brush 
takes the current di- 
rectlj from coils B - 
and JZi while the 
lower brush ccHiductB 
the current directly 
to coils D and Jf. 
The thickness of 
brushes is always 
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sufficient to bridge jn^ ^^ 

the insulation be- 
tween commutator bars. Coils A and J? are therefore momentarily 
short circuited or cut out of the armature circuity and as each coil 
takes these positions, each is successively short circuited. The 
current which the coil formerly carried then seeks the direct path 
through the commutator bar to the brush. After being short 
circuited and carrying no current, the coil b then grouped with 
the other half of the ring, and a curient is set up in the opposite 
direction through the coil. Hence as each coil passes from one 
half of the ring to the other, the current througli it in one direc- 
tion is interrupted, which renders the coil tempomrily inactive, 
and as it passes to the other side of the ring, a current is set up 
in the opposite direction. In this manner the commutation of 
currents takes place. 

A plane through the inactive position of the coils is called 
the neutral plane, and coils A and £ are said to I)e in the neutral 
positions. 
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Magnetic Field Due to Field Winding. The magnetic field, 
created by tlie field coils alone, and unaltered by armature re- 
actions, is represented by Fig. 31. The email circles represent 
the cross section of each wire, of which only a few are shown, and 
the direction of current in the field coils is indicated by the dots 




Fig. SI. 



and crosses within tlie circles. In those wires having cro6ses,the 
current is flowing from the observer, the cross indicating the tail 
of a retreating arrow, and in t)iose wires having dots the current 
is flowing towiirda the observer, tlie dot indicating the point of an 
advancing arrow. The field, created by a current in the field coils 
only, is uniform and passes through tlie 
armature core as shown. 

riagnetlc Field Due to Armature 
Winding. When a generator is supplying 
current, the armature is magnetized by 
its own current, and the magnetic field 
in the armature due to ite current alone 
is repiescnted by Fig. 32. The current in 
each half of the ring mt^netizes its half 
indeijcndently of the other, and for the 
arrangement shown in Fig. 30 each pro- 
duces a north pole at the lower [wrtion of the ring and a south 
pole at the top. The two like poles thus created adjacent to each 
other have a repelhuit effect and create what is termed a conse- 
quent pole, causing the magnetic lines to leave the ring at these 
points, part of the lines passing directly across the ring and part 




Fig. 32. 
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passing outside the nag in curved lines from the lower portion to 
the top. 

When a ring thus m^^netized is between the field poles, 
the poles will serve as a path for many of the lines, and a field 
such as represented by Fig. 33 reaulte. 




Resultant Field. When a machine is in operation, the mag 
netism due to both the field and armature windings is present, 
and the field obtained will thereft^re be the resultant of the two 
fields represented by Figs. 81 and 83. These fields, when united, 




FlR. 34. 



will give a resultant field, »s represented by Fig. 34. The field 
due to the field windings being the stronger, will still maintain 
the same general course, hut the effect of the annature is to pro- 
duce a resultant field in an oblique direction. It also causes a 
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crowding of the magnetic lines at the tips of the poles where the 
conductors pass from under the same, and a weakening of the 
lines at tho tips wliich the eonduetora are approacliiiig. It tlius 
appears that the neutral plane is turned somewliat in the direction 
of rotation as indicated by the dotted line. After passing from 
under pole pieces, the conductors generate but little E. M. F., 
and when they are in the neutral plane they generate none 
wliatever ; therefore from the above it appears that the brushes 
should be set in such a position tliat coils will be short circuited 
when in the neutral plane. Hence the brushes, instead of being 
placed midway between the poles in a ring-round machine will be 
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Fig. W. 

shifted slightly in the direction of rotation of the armature. The 
amount wtiich tlie brushes are shifted from their mid-position is 
called the had or anffle of lead. 

This shifting of the brualies causes a still further distortioD 
of the resultant field, as the field due to the armature winding 
alone, instead of being vertical as represented in Figs. 32 and 33, 
will be inclined, and coincide with the neutral plane. This incli- 
nation aggrjivates the distortion, causing the neutral plane to be 
shifted to a greater degi^oe than represented by Fig, 34. The 
actual result obtained will therefore be better represented by Fig. 
3.5, all conductoi's on one side of the neutral plane carrying cur 
rents in an opposite direction to those on the otlier side. 

There is another cause for additional shifting of the brushes 
which causes a slightly greater distoi-tion. This is due to self-indno- 
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tion of the armature coils. From the preceding pages it appears 
that each coil is short-circuited as it passes by the brushes ; the 
current which the coil carried as it approached a brush ceases to 
flow, and as it passes to the other side, a current in the opposite 
direction is set up. On account of self-induction, however, the 
current which the coil formerly carried tends to continue, and the 
current in the opp<Jsite direction is choked back for a slight inter- 
val of time, as self-induction tends to oppose a decrease or increase 
of current strength. In order to counteract this effect, the 
brushes are shifted a slight amount in the direction of rotation, so 
that when each coil is short-circuited it is at that time already 
somewhat effective in cutting lines of force, so that a slight E. M. 
F. is generated which hastens the time of decrease in current in 
one direction, and assists the increase of current in the opposite 
direction. 

We may sum up the effect of armature reaction as follows : 

1. The magnetic field due to the armature windings is at 
right angles to that of the field windings, giving a resultant dis- 
torted field. 

2. On account of this distortion, and in order to prevent 
sparking, the brushes must be shifted in the direction of rotation 
of the armature, and this new position of the brushes in itself 
produces a still greater distortion. 

3. The further shifting of the brushes to overcome the 
effects of self-induction causes additional distortion. 

Shifting: of Brushes with Variable Load. When the arma- 
ture supplies no current and therefore hiis no load, the field is 
substantially uniform, as no distortion due to the armature exists. 
The brushes may therefore be set at the mid-position between the 
poles. When the load is light, the small armature current causes 
but little distortion, and therefore the brushes need only a slight 
lead to secure sparkless running. As the load increases and the 
armature current becomes greater, the distortion is correspondingly 
increased, and consequently the proper position for the brushes 
changes with the load. Hence in the operation of generators, a 
variation in load will cause sparking at the brushes unless they 
are shifted to the proper positions. Many machines are now so 
well designed that but little shifting is necessary from no load to 
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full load, and in some machines the necessity is entirely overcome 
by K{>eciiil compensating arrangements. Of conise, if the field 
due to the field windings Li made very powerful compared with 
thiit due U> the armature, the distortion will be proportionately 
leHH, iind ill many machines now made, where this plan is carried 
out, tlifre is little or no need of »hifting the brushes with change 
in load. 

Distortion Due to Drum-Wound Armatures. In the above 
dlHcuHHion of armature reactions we have referred to distortion 
due to ring- wound 
machines only. The 
same effect in a lesser 
degree takes place with 
drum-wound armatures. 
Magnetic Leakage. 
If the magnetic circuit 
is well designed and 
made of ample cross- 
section, practically all 
the lines of force will 
pass through the arma- 
ture core from pole to 




Fig. afi. 



jKile. All linrH wliifh do not pass through the core are of course 
u«i-li-Hs, and tin; K. M. F. generated is less iii a corresponding 
di'gn'<-. I'ig. '><> ilhii4triit<^» the manner in which lines may pass 
from jiiili! to jioli; without being of any service. This is called 
magnclic leakaffc 

LOSSES IN THE GENERATOR. 

Theni is alwitvs .some loss in converting tlie mechanical 
energy m-cessary to drive w generator into electrical energy. That 
is, if l.'i horse-pdwer is necessary to drive a certnin machine, the 
eipiiviilent electrical encTgy derived from the same is always 
somewliiit less. For exiiniplc, the olcctriciil equivalent of 15 
hoi-Bc-powcr is \'t X 7 1'i := 1 1.V.tO watts, but iif*tead of havingthis 
amount avuiUhle iit the dynamo terminals, there may be perhaps 
90 per cent <)f this value, or 10,071 watts. 

We shall now consider Hc]iarately the various losses, all of 

h are dissiimtpd in the form of lieat. 
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These may be classified in two groups, known as the electrical 
losses and the stray power losses, and are as follows : 
Electrical losses. 

(a) Armature conductor P R loss. 

(6) Field wire i^ iJ loss. 

Stray power losses. 

(<?) Friction of bearings. 

(rf) Friction of brushes. 

(«) Friction due to air resistance. 

(/) Waste currents in coils during commutation. 

(^) Hysteresis in armature core. 

(Ji) Eddy or Foucault currents in armature core. 

(«) Eddy or Foucault currents in pole pieces. 

(y) Eddy or Foucault currents in armature conductors. 

Of these the electrical losses vary with the load put upon 
the machine, whereas the stray power losses remain practically 
constant for all loads. As tlie stray power losses are always pres- 
ent to tlie same degree whatever the load may be, it is desirable 
that they should be as low as possible, since on light loads they 
may be a considerable proportion of the total power. 

Electrical Losses. The electrical losses are those due merely 
to the resistance of conductors through which a current flows, and 
may be computed by taking the square of the current passing 
multiplied by the resistance, or PR; where / is the current and 
R the resistance of the circuit. All circuits carr}'ing a current, 
whether windings of a generator or mains which distribute power, 
are subject to this loss of energy. Hence if the resistance and 
current are known, the power lost may be readily obtained. 

For example, if the resistance of a circuit is 80 ohms and the 
current 40 amperes, the power lost will l)e 40^ X 80 = 128,000 
watts, or 128 K. W. The power lost may also be computed if 
the current and E. M. F. applied to the circuit are known, by 
taking the product of the two quantities. This is evident, as 

J? . . 

from Ohm's law /= -_-,and substituting this quantity for one /in 

R 

XT 

P ^ we have IX^X R = IE, where E is the H M. F., applied 

R 

to the circuit. In the above problem the E. M. F. applied to the 

circuit is, by Ohm's law, J? = iJJ=80x40 = 3,200 volts, and 
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the loss in watts is, therefore, 40 X 3,200 = 128,000 watts = 
128 K. W., the same as above, i 

The (lata for computing the loss in the field windings of a 
machine can be easily obtained. It is merely necessary to measure 
the re.sistiince of the windings and the current in the same, or to 
measure the current and the voltage applied to the terminals of 
the field whidings. The resistance of shunt windings will always 
be high and the current small, while the resistance of series wind- 
ings will always be low and the current large. 

The data for calculating the loss in the armature is obtained 
with more difficulty. As the armature is itself generating an 
E. M. F., the fall of potential in the armature due to its resistance 
or the drop in the armature cannot be measured, and we are there- 
fore compelled to compute the loss from resistance measurements 
and must use the formula P R. The cun^ent can be easily 
measured, but there is some difficulty in measuring the resistance 
accuiately. In this resistance, the armature winding, commutator, 
brushes and resistance of contacts between commutator and brushes 
are included. The total resistance is veiy small, and therefore a 
slight eiTor in its measurement will make a considerable per- 
centage difference. Also the resistance must be measured when 
the armature is not rotating, and the measurement obtained may 
bo somewhat different from the resistance when the machine is in 
operation. 

As the resistance of the conductors is greater when hot than 
when cold, the resistance measurements for calculating the loss in 
tlie arnuiture as well as in the fields must be made after the 
machine has been in operation at full load for a few hours, when 
all i)ai ts will be thoroughly warmed up. 

Example. — The resistance when hot of the shunt winding 
of a certain liJO-volt 200-anipere shunt machine is 98 ohms. The 
ivsistance of the armature when hot is .019 ohm. What are the 
ele<*.trical losses at full load? 

Solution. — The voltage of the machine which is applied to 
th? shunt terminals is 120 volts, and by Ohm's law the current 
in tlie shunt windings is 

£ 120 
/= P = -g^- = 1.22 amperes. 
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The loss in the field winding is therefore P R = 1.222 x 98 
= 146 watts approximately. 

Both the main current and the shunt current pass through 
the armature ; hence the armature current is 201.22 amperes, and 
the resistance is .019 ohm; the loss is therefore (201.22)^ X •019 
= 769+ watts. 

The electrical losses are consequently 146 + 769+ = 916 
watts. 

Ans. 915 watts. 

Example. — A 600-volt compound-wound generator is de- 
signed to supply 650 amperes. The armature resistance is .009 
ohm. The current in the shunt winding is 3 amperes, and the 
resistance of the series winding is .0011 ohm. Find the total 
electrical loss of the machine. 

Solution. — As the current in the shunt field winding is 3 
amperes, and the volUige applied to the terminals is 500, the loss 
in watts is given directly by their product, or 3 X 500 = 1,500 
watts. 

As the main current of the machine passes through the 
series winding, the resistance of which is .0011 olim, the loss 
therein is 650^ X .0011 = 4,647.5 watts. Likewise the loss in 
the armature is 6532 X .009 = 3,837.6 watts. 

The total loss due to resistance therefore equals 1,500 + 
4,647.5 + 3,837.6 = 9,985 watts. 

Ans. 9,985 watts. 

Example. — A 220-volt compound dynamo delivers 300 
amperes. The armature resistance is .014 ohm, the shunt wind- 
ing takes 2.18 amperes, and the fall of potential in the series coil 
is .54 volt. What are the electrical losses ? 

Solution.— The loss in the shunt field is 220 X 2.18 = 479.6 
watts. The current passing through the armature is 300 + 2.18 
= 302.18 amperes, and the armature loss is therefore 

(302.18)2 X .014 = 1,278.4+ watts. 

The loss in the series coil is the product of the lost voltage 
(Le., the drop) in it and the current ; that is, .54 X 300 = 162 
watts. Hence the total electrical losses are 479.6 + 1,278.4 + 
162 = 1,920 wattB. 

Ans- 1,920 watts. 
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Friction Losses. The friction losses include those due to 
mechanical friction of the Ixjarings and of the brushes upon the 
commutiitor and also tlie friction caused bv the resistance of the 
air acting on the rotating armature. 

The friction of the bearings varies with the type of machine, 
\vlietlu»r belt driven or direct connected to the engine, type of 
Ixjaring, lubncation, etc. 

The loss due to bearing friction was formerly considerable, 
but llie l)earings of modem dynamo-electric machines liave been 
designed and constructed with great care with the result that 
friction from tliis source has l)een reduced to a minimum. The 
bearings are usually made self-oiling by means of nietsil rings 
whicli rest upon the shaft and dip into oil which is contained in a 
reservoir in the bearing. As the sliaft revolves, the rings carry 
the oil up to the shaft. In this manner almost perfect lubrication 
is secured. In some eases ball bearings have been used witli good 
results; they reduce friction and lessen the cost of lubrication. 
l>all l)earings are not extensively used on account of some mechan- 
ical difliculties which have not yet been entirely overcome. 

The brush friction is subject to great variation. It is impor- 
tant that tlie brushes bear upon the commutator with sufficient 
pressure to insure good electrical contact. Brush holders are 
usually arranged so tliat the pressure of the brushes maybe varied 
to ohtiiin the best results. Although brush friction may sometimes 
bo considerable, it usually amounts to a very small percenttige of 
tlie total loss. 

Tlie resistance of the air upon the armature is usually insig- 
niiicant except Avlien the armature is arranged to act as a fan for 
the purpose of ventilation, and even then the loss from this source 
is so slitrht that it need hardly be considered. 

Hysteresis Loss. As an armature rotates, the magnetization 
of its core is constantly changing at every point. The magnetic 
lines in piussing through the armature from pole to pole cause 
varying degrees of magnetization in its different parts, and the 
i-otation of the armature brings every part of it successivelj' 
through these changes. Hence that part of the armature in the 
neutral plane is magnetized to the highest degree with lines 
^ussing through it in one direction; when opposite a pole, the 
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magnetization is a minimum, and when in the next neutral plane 
it is again magnetized to the highest degree but with lines passing 
iu the opposite direction. All parts of tlie armiiture core are 
therefore being constantly magnetized in one direction, then 
demagnetized and magnetized in the o])posite direction, again de- 
magnetized, and so on as each pole is passed. This gives rise 
to what is called hysteresis loss, which will now be considered. 

When a piece of iron is subjected to an increasing and 
decreasing magnetizing force, the magnetization for equal mag- 
netizing forces will not be the same, and it is found that the 
magnetism lags behind the magnetizing force, or iu other words, 
the metiil has a tendency to maintain any magnetic state whilih it 
has once acquired. This propeity of iron is called ht/steresis^ from 
a Greek word meaning " to lag behind." 

Fig. 37 shows the hysteresis curve of a piece of \vrought 
iron, or the resultant magnetization when the magnetizing force is 
varied. The abscissae represent the magnetizing force in ampere- 
turns per centimeter of length, and the ordinates indicate the 
resultant magnetization in lines per square centimeter. Abscissae 
to the right of the zero point represent positive values and those 
to the left negative, while ordinates above the zero point are 
positive and those below are negative. The curve which begins 
at A shows that the iron had some residual magnetism before any 
magnetizing force was applied. As the magnetizing force is 
increased positively, the magnetic induction gradually increases as 
in Fig. 37, imtil point B of the curve is reached. Then the 
magnetizing force is gradually withdrawn, but the magnetic 
induction does not fall as fast as it previously rose, for when 
the magnetizing force is reduced to 10, the induction is nearly 
14,000 lines instead of 12,800, as it was on the ascendmg curve. 
When the magnetizing force is reduced to zero, the induction 
is still high, as represented by point C of the curve. Increasing 
the magnetizing force still further in a negative direction gives an 
induction curve to point -E. 

A gradual decrease of the magnetizing force to zero and an 
increase in a positive direction to a maximum gives the curve 
through points EF 0-H. It may be noted that point -ffdoes not 
coincide with point B^ although the magnetizing force is increased 
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from zero to a maximum for both curves. However, in the first 
magnetization from A to B the induction had a considerable 
positive value at the beginning, whereas in the curve t* Q-H it 
had a large negative value which had to be overcome. If the 
magnetizing force were now decreased, i-eversed, increased, etc., a 
second curve similar toBODJEFGIF would be obtiiined. Such 
cycles of magnetism as described above alwajrs give curves with 
an enclosed area. 

This seiies of changes is what takes place in the core of an 
armature, and it is evident that tlie resultant magnetism always 
lags behind the magnetizing force as if there were a certain molec- 
ular friction of the iron which had to be overcome. 

There is, therefore, a certain loss of energy due to hysteresis 
which is dissipated in the form of heat. The amount of this 
energy is proportional to the area enclosed by the cuitc, and it is 
therefore an easy matter to judge of the comparative magnetic 
qualities of two samples of iron by plotting the hysteresis curve 
of each. 

The harder the iron, the greater the hysteresis loss. This 

loss varies as the 1.6 power of the magnetic induction and is also 

' proportional to the rate at which the reversals of magnetism take 

place, and of course, the greater the amount of metal in wliich 

the reversals occur, the greater the total hysteresis loss. 

The heating which occurs in the core of an armature due to 
hysteresis should not be confused with the additional heating due 
to eddy or Foucault currents. Hysteresis causes heating even if 
the core is carefully laminated. 

Fig. 88 shows two hysteresis curves drawn one over the other, 
one of wliich is from a sample of wrought iron and the other from 
a sample of steel. 

The curve enclosing the smaller area is for wrought iron, and 
the larger for steel. Since the area enclosed by the hysteresis 
curve is the measure of energy dissij)ated in heat due to hysteresis, 
it is evident that the hysteresis loss for wrought iron is much leas 
than for steel. Wrought iron would, therefore, be better adapted 
for use in armature cores. 

The lo6S due to hysteresis cannot be accurately determined. 
For very soft iron where the hysteresis curve encloses a small 
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area the loss of energy daring a complete reversal of magnetism 
is slight; with hard iron the amount of energy wasted per 
cycle is somewhat greater, but in practice the loss ' from this 
source is usually small. In order that this loss may be as small as 
possible the softest wrought iron or steel should be selected for 
armature cores. 

Eddy Current Loss. We know that whenever conduct: ^ 
are moved in a magnetic field in such a manner as to cut across 
the lines, or when the field about the same is varied, an E. AI. F. 
is induced which will cause a current to flow if a closed circuit 
exists. This principle applies to large metallic masses as well 
as to the conductors, and therefore currents may be set up in a 
generator where they are useless, thus causing undesirable heat- 
ing of parts and loss of energy. Such currents are called eddy or 
Foucault currents. 

The armature core, if made of one solid mass, is subject to 
these wasteful currents to an excessive degree, since it consists of 
a conducting mass revolving in a magnetic field. It is evident that 
the outer surface of the armature core outs across the magnetic 
field the same as the conductors upon it, and an £. M. F. is there- 
fore induced in the iron itself, tending to set up currents near its 
surface. The direction of these currents wrill be at right angles 
to the lines of force or the induced current in the exterior of the 
armature core will be parallel to the current in the armature 
conductors. The interior portion of the core serves to complete 
the circuit for these currents, and therefore innumerable currents, 
due to this cause, will exist in the core itself. The E.M.F. 
induced may be slight, but the resistance of the core is so small 
that the resultant currents may be large. These currents are 
always strongest near the exterior surface of the armature core. 
This eddy current loss described above varies as tlie square of the 
speed and also as the square of the magnetic induction. 

Lamination. The value of such currents can be decreased by 
reducing their E. M. F. or by increasing the resistance which is 
offered to their flow. These results can be accomplished by con- 
structing the armature core of thin sheets of iron carefully 
insulated from each other. These thin sheets or discs are placed 
perpendicular to the axis of the armature, thus being perpendicular 
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to the direction of induced currents, but parallel with the lines of 
force passing through the core. Consequently they do not inter- 
fere with the passage of magnetism from pole to pole, nor increase 
the magnetic resistance of the armature. They do, however, 
effectually interrupt and reduce the eddy currents because such 
currents can then exist only within each separate disc, as shown 
in Fig. 39, and if the discs are made sufficiently thin and the 
insulation between them is good, the loss due to wasteful currents 
is slight. An armatui*e built up of discs or tldn sheets of iron ia 
said to be laminated. The thickness of the discs should not ex- 
ceed two millimeters, and they should be insulated by varnished 
paper, enamel, or by being slightly oxidized on the suiface. 




Fig. 39. 

Eddy Currents in Pole Pieces and Armature Conductors. 

Polar tips in whii'h magnetization varies become heated. Hence 
tij^ an.* Uinv Liiuinatoil, the laminations l^eing parallel to the lines 
of foive lull porpenilieuhir to tlie ilirivtion in which currents 
would Iv iniliu'od. Armature eonduotoi"S are also subdivided for 
the same ivason, and the loss in edilv currents is reduced to a 
total of usually less tlian oni^half of 1 ^; . 
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CURRENT DYNAMOS. 



Having become familiar with some of the fundamental prin- 
ciples and laws governing the operation of a dynamo by a study 
of electro-magnetio induction, one is prepared for a more detailed 
study of the machine. The three important types of dynamos, 
the series, the shunt and the compound, have already been briefly 
explained^ but will now be considered more in detail, and their 
properties will be more folly explained and illustrated by 
dismuDS* 

AH of the important parts of the dynamo, such as the arma- 
ture, the commutator, the brushes and brash-holders, and the field 
will now be treated separately and in detaQ. 

In general, dynamos are used to furnish either light, heat or 
power. A dynamo receives at the pulley a eeitsiin amount of 
mechanical energy, which it transforms into electrical energy and 
delivers through the circuits with which it is connected. The 
power in a circuit is equal to the product of the difference of 
potentiali J?, between the terminals of the dynamo and the cur- 
rent, IJ flowing in the circuit, or E L Wlien this product, J?/, is 
great, a large amount of work is expended in the circuit, and to 
express this fact it is said that a heavy load has been put upon 
the dynamo. The value of -2? /is increased by increasing either 
Hot I, or both; that is, the load on the dynamo is increased when 
a larger current comes from it, or when the same current flows, 
but at a higher voltage. 

We have seen that electrical power is measured in units, to 
which the name watt is given, a watt being the power of 1 
ampere imder a pressure of 1 volt; the product of the number of 
amperes and the voltage of a circuit is therefore its power. A 
dynamo which maintains a difference of potential between its ter- 
minals of 10 volts, and which delivers through the circuit con- 
nected with its terminals 5 amperes of current, is furnishing 
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energy at the rate of 50 watts. Had this same dynamo been work- 
ing at a difTerence of potential or pressure of 25 volts, and had it 
been delivering only 2 amj»cies in the circuit, it would have still 
been working at the rate of 50 watts. It makes no difference in 
tbo amount of power wliat the pressure or the current is, as long as 
they are of such magnitudes that their product remains the same; 
the dynamo will then furnish the same amount of energy per unit 
of time, and consequently it will tiike the same pull on the belt, 
and the same effort in the engine to drive it. 

These considerations suggest two methods for distributing 
power and light. The necessary condition of supply is that the 
dynamo must be ready to meet a demand which varies between 
certiiin limits. This may be done by causing the dynamo to keep 
the volfcige at its terminals constant at all times, and to vary the 
current according to the demand; or the. dynamo may keep the 
current supplied constant, and vaiy the voltage at its terminals 
according to the demand for energy. It will make no difference 
to the driving power which is done. It has, however, for many 
reasons, been found most convenient to supply incandescent light- 
ing systems by the first method, and arc lighting systems by the 
second. Power distribution has occasionally been accomplished 
by the second method, but the first is generally used. 

In the study of Direct Current Dynamos it will therefore be 
of advantage to divide the subject into two parts: (1) Constant 
Potential Dynamos, machines that supply current at a constant 
pressure for all loads; and (2) Constant Current Dynamos, ma- 
chines that supply a current of constant strength for all loads. 

By having more lamps or running more motors on the circuit 
we increase EI, or the load upon the dynamo. In constant poten- 
tial machines, E remains constant for any change in the number 
of lamp.^ or motors on the circuit, within the limits of the capacity 
of the machine ; hence, to increase the load on the dynamo, /must 
be increased, and it is seen readily enough that the load is pro- 
portional to J if -E remains constant, or since /is inversely propor- 
tional to J2, the resistance of the circuit, the load on a constant 
potential machine is inversely proportional to the resistance of the 
circuit. 

In a constant current machine I is constant and E must be 
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increased if J? 7, the load, is to increase. If Arises, and /remains 
the same, then B must increase according to Ohm's law. Hence 
the load on a constant current machine is proportional to U and 
to H. An increased load on constant current machines requires 
larger values of J? and 72; on constant potential machines it 
requires a larger value of I and a smaller value of M. 

If U is to remain constant, the magnetization produced by the 
field coils must remain constant, or, in other words, the ccmductors 
on the armature must cut the same number of magnetic lines of 
force each second. If /is to remain constant and /? is to increase, 
then a correspondingly greater number of lines of force must be 
cut each second. 

The essential difference between the two types of machines 
then is that in one there is a nearly constant magnetic flux for all 
loads, and in the other there is a magnetic flux varying with tlie 
load. The two types of constant potential and constant current 
dynamos will be considered separately. 

Characteristic Curves. A characteristic curve, as its name 
indicates, is one which shows the characteristics or peculiarities of 
the dynamo to which it belongs. Such a curve is obtained by 
plotting the corresponding values of volts and amperes of the 
dynamo at different loads. The data for such a curve are obtained 
by taking simultaneous readings of current and voltage at various 
loads while the dynamo is in operation. Upon a piece of cross- 
section paper the amperes are plotted as abscissae and the volts as 
ordinates; that is, the number of amperes of one reading are laid 
off horizontally from the lower left-hand comer, called the origin, 
covering as many divisions as there are amperes; and from this 
point a distance is laid off vertically, covering as many divisions 
as there are volts corresponding to that number of amperes. The 
point thus obtained is a point on the curve. The remaining read- 
ings are laid off in like manner, obtaining a number of points; a 
smooth curve through these points gives the desired characteristic. 

A number of very important properties of a dynamo may be 
shown by means of the characteristic curves. These same 
characteristics may generally be figured out mathematically, 
but it is more correct and more satisfactoiy to get at the re- 
sults from a practical test of the finished machine, as a general 
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rule. These cbaracteristic curves explain the actions and possi- 
bilities of a dynamo in very much the same way that the indicator 
card of a steam engine gives its desired information. By drawing 
tlie characteristic curves to some known scale, the horse-power at^ 
which the dynamo will work with tlie greatest efficiency can be 
calculated. 

Having drawn the characteristic curve of a machine to 
some particular scale, and knowing either the current, ii or volt- 
age, E^ at which the dynamo is working, the other value may be 
read off the curve directly. The value of the current, multiplied 
by the correspoiuliug voltage, gives the output of the machine in 
watts, and this divided by 746, the number of watts correspond- 
ing to 1 horse-power, gives the output of the machine in horse- 
power. 

It is possible to plot horse-power curves on the same paper 
with the characteristic curve (see Fig. 3), since horse-power = 

"^ \ '^ — L. Any combination of amperes X volts which 

74G 

will give 746 is equal to 1 horse-power; thus 74.6 amp. X 10 
volts = 1 hoi-se-power. Evidently, then, there is an infinite 
nunil)er of points the product of whose co-ordinates equals 746, 
and a line drawn through these points is a curve of 1 horse- 
power. If the characteristic of the dynamo cuts the curve at any 
point, it means that at that point the dynamo is furnishing 1 
liorse-power of electrical energy. It follows at once that curves 
may be similarly drawn for 2, 3, 4, or any number of hoi^se-power. 
Then a glance at the chaiacteristic curve will reveal at once 
what the activity of the dynamo is. 

THE SERIES DYNAnO. 

After the invention of the magneto machine with its perma- 
nent steel magnet, it was not a very great step to put coils of wire 
on the field ma nonets, and cause the current, as it comes from the 
arnialure, to p.iss through them before being led to the outside 
circuit, thus obtaining self-exeitation (see Fig. 1). 

A machine so connected is called a series dynamo because all 
its conducting parts are in series with one another. The properties 
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of this machine can be best explained by considering its character- 
istic curve. Every individual machine will of course have a curve 
differing somewhat from those of other machines whicli are differ- 
ently proportioned, but the same general features will be present 
in the carve of all series dynamos. There are three characteristic 
curves possible for eveiy dynamo, the external, the internal and 
the total. The distinction is as follows : the electromotive force 
generate<l by tlie machine is used up in two ways ; in forcing the 
current through the resistance of the outside circuit, and in forc- 
ing it through the internal resistances of the dynamo itself. 
Therefore the voltage measured by a voltmeter applied to the 
terminals of the dynamo is the voltage which is forcing the cur- 





Fig. 1. Diagram of Series- Wound Dynamo. 

rent through the outside circuit. This voltage is given by the 
lower curve in Fig. 2, which is called the external characteristic. 
To get the total electromotive force generated by the machine it 
is. necessary to multiply the current by the internal resistance 
and add the result to the voltage measured at the terminals. The 
upper curve in Fig. 2 gives the total E. M. F. and is called the 
total characteristic. A characteristic curve is external, internal, 
or total according as the volts plotted against the amperes 
are the volts measured at the terminals, the volts lost in the 
ai-mature, or the total volts. From the series characteristic 
curve shown in Fig. 2 it is evident that when the circuit is open 
and there is no current, there is no voltage generated by the 
machine. With the cun-ent equal to zero, the strength of the 
field due to the field magnets is zero. Were there any permanent 
magnetism remaining in the iron as there generally is, there would 
be a slight electromotive force generated, and the curve would 
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not start at zero but a little way up on the scale. A djmamo with 
no magnetism whatever could not be made to take a load, or build 
itself vp as the action is called. The curve runs up very steeply 
and approximately in a straight line, since the field, and conse- 
quently the electromotive force, increases witli tlie increase in the 
current. This action goes on until the iron approaches saturation, 
or the point where it cannot take up any more magnetism. 
As it nears this point the curve bends over more and more, though 
still rising, until the actual point of saturation is reached. Beyond 
this point any increase in current cannot increase the strength of 
the field much and another factor becomes of importance, namely, 
the armature reaction. The increase in current must of course 
increase the armature field which tends to weaken the field due to 
the field magnets and consequently tlie voltage of the machine. 
It should be understood that the field of the armature does not 
actually exist because it is overpowered by tlie field magnets ; it 
would exist were the field magnets absent and the current main- 
tained by some external means. Its effect is to distort and 
weaken the field due to the field magnets. Beyond the saturation 
point therefore, any increase in current cuts down the field and 
consequently the electromotive force generated in the armature, 
provided ihe speed remains the same. 

There is a very interesting property of series dynamos, which 
is best explained in connection with the characteristic curve. 
There is for everv series dvnamo a certain value of the current 
called the critical current at which the machine is unstable. Any 
increase in the circuit resistance tending to decrease the current 
below this value will result in the complete unbuilding of the 
machine and the consequent loss of load. Similarly the machine 
will not tiike a load or build up unless the resistance of the circuit 
is low enough so that the current can reach the critical value. 

An examination of the characteristic curve shows that at a 
point a little more than two thirds of the way up to the maximum 
valiie of the curve, any decrease in the current of the machine 
decreases the voltage much more rapidly than is the case at any 
point higher up. This large decrease in voltage still further 
decreases the current, which result reacts on the voltage again, 
and this process goes on until the machine is completely unbuilt. 
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Total and external characteristic curves of a small Wood 
arc light d\ naino are shown in Fig. 3. The total voltage generated 
by the aiinatui*e is equal to the voltage observed at the terminals 
plus the Irist vohage of th^ armature and series coils. 

This was cal.ulatetl by the equation 

ivhero i\ was 5.4 ohms and r^. was 6.83 ohms. 

The observed voltages are corrected for a speed of 1150 
revohitions. 

Tlie eleetrical etfioieney for this machine w^ calculated and 
found as follows : 

DATA FOR EFFICIENCY OF SMALL WOOD DYNAMO. 







' 


, 




E I 


/: 


SjhhhI 
lloO 


/ 

1 


/;' /' ; 


?: I 


E' r 


ss 


100 


ss 


88 % 


l!l»N 


lloO 


•4.4 


154S 


1311 


84.7% 


'MO 


1 1 oO 


4.r) 


H',S4 


U20 


■ 84.6% 


;rr2 


lirn^ 


(*..o 


•2070 


09-10 


; 83.5% 


4()-2 


lir)(> 


7.0 


;ui3 


2sU 


|82 % 

1 



The usual use of the eonstant current dynamo is for arc 
li^liliu;^. \\v huups are eoninionly run in series and require 
about 10 jnni>«'ivs, and a i>otential of about 50 volts across the 
tcnuiuals of i'a( li. To maintain a constant current in the circuit 
thr Vj, M. I^\ at the hrusJRs of the generator must then increase 
oO volts its I'aeh lamp is thrown in. 

Constant eurrenl dvnamos are series wound. Of such 
nijichim's, \v(» know that with a variable resistance in the external 
eiretiit, tlu» current, or E. M. K. or both will vary. In the 
caso of a inai'hine supplying a certain current, if the resistance is 
increased the current strength will fall, and the field coils being 
in series the magnetic field is weakened, thereb}' lowering the 
E. M. F. and still further lessening the current. On the other 
hand if the external resistance is reduced, a larger current flows 
and a correspondingly higher potential is generated. Obviously, 
if such a machine is required to give a constant current through a 
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10 DIRECT CURRENT DYNAMOS. 

variable resistance, there must be some means provided for raising 
and lowering the E. M. F. 

For effecting such regulation there are these three methods : 
(1) Varying the speed. (2) Varying the field strength. (3) 
Changing the position of the brushes. 

The first method is seldom made use of although in principle 
it 18 veiy simple. There must be an automatic regulation of 
speed and the E. M. F. of course rises and falls with it. Such 
regulation, on account of the inertia of the heavy moving parts of 
the engine and generator, is too slow for lighting service. 

Regulation by the second method is obtained either by chang- 
ing the number of active conductors in the field or by changing 
the connections of the coils from series to parallel and vice versa. 
Running on light load (few lamps in series) only enough turns in 
the field are left in circuit to maintain a current of 10 amperes, 
and as more lamps are added to the circuit more field turns are 
thrown in to strengthen the field and to raise the voltage. The 
disadvantage of this method is the small range of loads that can 
be economically carried. For as the field coils are thrown in the 
cores soon rapidly approach the point of saturation, beyond which 
a large increase of ampere-turns effects the E. M. F. very slightly. 
On the other hand the machine will not run well on very light 
loads, for the current being constant the reaction of the armatui-e 
is constant and on the weakened field has a greatly increased 
effect of distortion upon the field and causes serious sparking at 
the brushes. 

The third method, that of shifting the brushes, is the most com- 
mon one. To understand the principle of this regulation it will be 
well to refer back to the figure showing the two paths of the current 
through a ring armature and out by the brushes (see illustration in 
section devoted to " Theory of Dynamo-Electric Machinery"). It 
will l)e seen readily that the maximum E. M. F. at the brushes is 
obtainable when they are at the neutral point, that is when all 
the amature coils on either side of the brushes generate an E. M. F. 
in the same direction. If the brushes are shifted from the neutral 
point then some of the coils on either side oppose the others or 
the same side and a reduced pressure at the brushes is the result. 
If the brushes were placed at points midway between the neutral 
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points, then on each side half the coils would oppose the other 
half, and the pressure at the brushes would be nil ; that is, the 
algebraic sum of the E. M. F.'s of the coils in each half would be 
zero. Then by moving the brushes from this point toward the 
neutral point, this sum, or the E. M. F. of the machine, would in- 
crease gradually to the maximum. Such is the principle of this 
method of regulation. 

A constant current machine running on light load will have 
its brushes in a position considerably off the neutral point, and as 
more lights are thrown into the circuit, making the load heavier, 
they will be brought correspondingly nearer, maintaining suffi- 
cient E. M. F. at the brushes to force a current of constant value 
through the increasing extemal resistance. The shifting of the 
brushes is done automatically by electro-magnets in circuit, which 
act instantly to counteract any change of current strength flowing 
through them. 

In practice various devices are used by different makers to 
accomplish the regulation. In some machines the position of the 
brushes on the commutator is altered by a mechanism controlled 
by the current ; in others the controlling mechanism alters the 
field strength by shortKsircuiting some of the coils, or by increas- 
ing or decreasing a resistance placed as a shunt around the field, 
thus varying the value of the current in the field coils instead of 
the number of turns. The variable brush method is sometimes 
combined with the variable field method. A description of some 
forms of arc lighting machines, together with their regulators, is 
given in a following section. 

Saturation Curve. To obtain a certain magnetization by a 
field coil, it is immaterial whether the coil consists of a small 
number of turns carrying a large current, or of a large number of 
turns carrying only a small current. As long as the product 
of the number of turns and amperes passing in them, or ampere- 
turns, is the same, the magnetization produced will be of constant 
value. Thusii coil of 100 ampere-turns may be made up of one 
turn of a large heavy wire carrying 100 amperes, or it may be 
made up of 100 turns of fine wire carrying one ampere, and the 
magnetizing force which will be exerted will be exactly the same 
in either case. Magnetizing forces are therefore sufficiently ex- 
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pressed by the number of ampere-turns in the magnetizing coil. 

The saturation curve of a dynamo shows to what intensity 
the field magnets have been magnetized, and thus whether they 
are properly designed. The curves are formed by plotting points 
whose al^cissao are values of ampere-turns in the field coils, and 
whose onlinates are the corresponding values of the voltage, these 
points being plotted for varying values of the current. The read- 
ings may be observed for both ascending and descending values of 
the current, thus showing the effects of hysteresis. 

From an economical standpoint it is best not to carry the 
magnetic flux too near the point of saturation during normal 
working, for the number of ampere-turns required to produce a 
given miignetic flux is greater in a saturated field than in one not 
saturated. In certain types of machines, however, there are cer- 
tain advantages in practical points of working and regulation to 
be derived from having saturated fields that are of such impor- 
tance as to outweigh the value of greater efficiency. By knowing 
from the type and the design of a machine to what degree its 
fields should be saturated, and by having an experimental saturar 
tion curve of the machine, a comparison can be made between the 
ideal and the result. Fig. 4 gives the saturation curves of the 
magnetic circuit of a Crocker- Wheeler dynamo for no load and 
witli load, and for increasing and decreasing values of the cur- 
rent, the dynamo running at a constant speed of 1,620 revolutions 
per minute. The total characteristic curve of the simple series 
dynamo is only a slightly modified saturation curve, as will be 
seen from a comparison of Fig. 2 and Fig. 4. But in dj'namos 
provided with regulators, the operation of these appliances changes 
the form of the characteristic very markedly. 

THE SHUNT DYNAHO. 

The shunt dynamo is so named because the coils which 
excite the field, instead of being connected in series with the out- 
side circuit, form a shunt about it, the field circuit and outside 
circuit being connected in parallel at the brushes (see Fig. 6). 
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Fig. 6. Dias^ram of Shunt- Wound Dynamo. 
As in the case of the series dynamo, tlie properties of the shunt 
machine can be best exphiined with the aid of characteristic 
curves (see Fig. fi). There are three characteristic curves to be 
considered, the external, in whicli the volts at the terminals are 
plotted against the amperes in the outside circuit, the internal, in 
which the volts at tlie terminals are plotted agjiinst the amperes in 
the shunt circuit, and the total in which tlie total volts generated 
by the machine are plotted against the total current. The total 
characteiistic differs from the external only in that the volts are 
obtained by adding to the volts at the brushes the drop in potential 
through the armature. This drop in volts is equal to the current 
passing in the armature multiplied by the armature resistance. The 
total current is obtained by adding the current in the shunt circuit 
to that in the outside circuit. The internal characteristic taken 
with the outside circuit open is like the curve for a series dynamo. 
It rises steeply at first and then bends over as the saturation of the 
magnets Ix^gins to be noticeable. In fact with the outside circuit open 
tlie macliiiie is a series dynamo with all its circuit in the field coils. 
The external characteristic curve is a loop. It begins at 
maximum voltages and zero current, and extends almost horizontally 
at first, then slopes down more and more, turns rather suddenly, 
then doubles back and tends to approach the origin. When 
the dynamo is started the outside circuit is open and there is no 
current through the armature. As soon as it is built up the arma- 
ture is generating only the current for the field coils which, as we 
have seen, is very small owing to the great resistance of these coils. 
But the small current produces only an insignificant drop in the 
armature so that the voltage at the brushes is nearly the total 
generated by the armature. Hence the current in the field coils 
is as great as it can ever become which makes the field magnetism 
and consequently the E. M. F. generated by the armature a 
maximum. Now suppose that a number of lamps (connected in 
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paniUel acro8S the leads from the machine) are thrown on tlie 
machine. A current flows at once, and as a result there is a drop 
through the aimntiin; so that there is a little less voltage available 
at the bruslies to excite the fleld coils, which means a slight 
dropping of the total voltage. If more lamps are connected in 
l)arallel, the existing voltage at the terminals will actforaninstant, 
and funiish them with as much current as those already on are 
receiving, hut the greater current means increased drop in the 
annaturo which, as explained al)ove will again bring down the 
total voltage generated. With less voltage at the terminals the 
total current will diminish a little. Therefore lowering the remsir 
ance of the circuit by the addition of lamps in parallel lowers the 
available voltage, IxH'ause it incrciises the amount of the volts lost 
in the armature. By building the armatures with an extremely 
low resistance it is possible to make machines for which the drop 
in t(M-niinal pressure is not very noticeable over quite a large range 
of load. It is for this reason that a shunt macldne is used for 
incandescent lighting where it sui)plieu an approximately constent 
voltage. The dynamo would Ik?! designed for such a voltage that 
at low loads the voltage would be a little too high while at heavy 
loads it would ha a little too low. In actual lighting work, how- 
ever, the resistance of the field coils is made somewhat less than 
would bo noc^essary to giv(» the right voltage. This is accomplished 
by using a larger size of wire than necessary, the number of turns 
remaining tlu* s:ini(». 

Bv insertuicr a rheostat, or resistance which can be varied 
at will, between the fiehl coil and one of the brushes, the 
current in the coil can lx> cut down to the proper value under 
normal conditions, and when the load increases and the effective 
voltage tends to drop, it is only necessary to cut out some of the 
resist;inc<.» in the rheostat to obtiiin moi-e current, and consequently 
greater exititation in the iield (!oil, thereby raising the voltage to its 
normal vahu^ again. The rheostat (see Fig. 7) consists generally 
of a resistance with eoinuM'tions at short intervals along it and 
terminating in metal eontaets arranged in a circle. A sliding con- 
tact piec<» is moved over them by the handle, introducing the cur- 
rent at any point on which the sliding contact is i-esting. In this 
way the amount of resistance in series with the field coil may be 
regulated with great exactness. 



74 




ENGINE-TYPE CEMEHATOR 
1 Lllr bi.ililiUB, Nrwurk. N. J. 







* 
i 



DIRECT CURRENT DYNAMOS. 



IT 



This regulation is generally effected by hand, the resistance 
being decreased when the voltmeter shows that the voltage is fall- 
ing on the line, and vice versa. By means of regulators, magnets, 
solenoids and various electrical and mechanical means this regula- 
tion is sometimes made automatic. 




^^^^^^ 



Fig. 7. Dynamo and Rheostat. 

Returning to the characteristic, it is interesting to note that 
the continued increase in load on the machine, due to decrease of 
external resistance, causes the voltage to fall more and more rapidly 
until a point is reached where a decrease in circuit resistance can 
throw no more load on the machine, because the decrease in voltage 
is so rapid as to unbuild the machine. Theoretically the curve 
would come down to the origin ; it does not, practically, however, 
owing to residual magnetism. 
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The resistance of the outside circuit corresponding to any 
point on the characteristic curve can be found very readily. The 
voltage divided by the current gives the resistance. By drawing 
a straight line (see Fig. 8) from the origin or the point where the 
current and voltage are through the point corresponding to 50 
volts and 50 amperes it will intersect the characteiistic curve at 
a certain point. It is obvious from the figure that the voltage at 
this point just equals the current, and so the resistance here is 
1 ohm. Similarly by drawing a line from the origin through the 
point where voltage is 100 and current 50 the characteristic curve 
is intersected at another point and the resistance of the circuit at 
this point is 2 ohms. A scale of resistance may be marked on 
the vertical line corresponding to 10 amperes. By drawing 
a line from any point on the characteristic curve to 0, 
the point of intersection on this resistance scale line gives the 
resistance of the outside circuit. The characteristic curve shown 
in Fig. 6 is for a small shunt dynamo which being run at 030 
revolutions gave a maximum of a little less than 2 horse-power at 
ijH volts and 19.2 amperes. With a decrease in resistance much 
below 2|ohms the current increases but little, whereas the voltage 
falls a great deal. If the external resistance becomes less than 1 
ohm the machine loses its voltage and current immediately and 
will not build itself up again until the resistance is increased. 
The most critical part of this curve is where the voltage is alx)ut 
30 or 'l^i and any given change of resistance at this point will alter 
tli(*. voltat^e nioiv than at any other part of the curve. By increas- 
ing the n\sistance the voltage is steadily increased until it gets to 
its maximum when the external circuit is open and the resistance 
is infinite, the whole* voltage being then available fOr magnetizing 
the shunt field coils to their maximum strength. 

V'lyr, 8 shows the characteristic curves of a shunt-wound Granmie 
dynamo capable of giving 400 amperes at 120 volts. The arma- 
ture conductors were not capable of carrying more than 400 
ampen^s, and the part of the curves not actually found by experi- 
ment is shown in dotted lines. The lower curve marked J? is the 
external characteristic while the uj>per curve markcid U^ is formed 
from it by adding to the external voltage at any point the corre- 
sponding value of the voltage lost in the armature at the given time. 



76 



20 DIRECT CURRENT DYXAMOS. 

Both series and shunt machines have critical points, but the 
series machine will act only with the resistance of the circuit less 
than a certain amount while the shunt machine will work only 
with it j^reater than a ceilain amount. With the series machine, 
increa.se in the numljer of lamps in series decreases the ability- of 
the machine to maintain its load, increase in the number of lamps 
in jmrallel increases the ability of the machine to generate and 
consequently increases the current per lamp. With the shunt 
machine an increase of the lamps in series increases the ability of 
the machine to furnish current, while increase in the number'of 
lamps in parallel decreases the ability of the machine to supply 
current. These opposing characteristic qualities are made use of 
to secure a machine which is automatic in its ability to furnish a 
constant potential under widely varying loads. 

THE COnPOUND DYNAflO. 

Wectrical energy for incandescent lights, power circuits, and 
railways is supplied • by constant potential dynamos, that is by 
mar;hines which are so constructed that they will deliver current 
varying in amount between zero and the limit of their capacit}'' and 
at the same time maintain a pressure at the terminals that is veiy 
neariy uniform. 

Though a shunt machine comes nearer to fullfilling the requi- 
site conditions than a series, still neither are self-regulating. 
The shunt machine with a variable resistance in series with the 
field coils, has been used as described on a previous page. There 
are also other arrangements which could be used to attain the 
same end but as they have not found favor in practice they will 
not be considered here. 

It has been shown how with the shunt machine, owing to 
increase in current, the volts lost in tlie armature are increased, 
resulting in decreased ability to sustain the output. To make a 
shunt machine self-regulating some means must be provided for 
increasing the field strength with the increase of the strength of 
the current. This can be easily accomplished by winding on the 
field magnets a coil consisting of a few turns of heavy wire through 
which the whole current of the circuit can be passed. This series 
coil is sometimes called the compensating coil because it compen- 



78 



DIRECT CURRENT DYNAMOS. 



21 



sates for the weakening tendency when the shunt coil alone is 
used. A machine with such a winding is called a compound- 
wound machine. Being a combination of the series and shunt 
machines, its characteristic curve is a combination of the two, the 




Fig. 9. Ordinary, or Short Shunt Compoand Dynamo* 

rise in the characteristic of the series machine occurring at the 
point where that of the shunt machine decreases. 

There are two methods of connecting up a compound-wound 
machine, called respectively short shunt (see Fig. 9) and long 
shunt (see Fig. 10), according as the shunt terminals include the 
armature, that is, connected from brush to brush, or the series coil 
in. addition, that is, connected from brush to end of series coil. It 




Fig. 10. Iiong Shant Compound Dynamo. 

makes very little difference in practical results which form of con- 
nection is employed, since the resistance of the seri^ coils is always 
very small. The characteristic curve of a compound machine 
generally approaches a horizontal line, often it rises slightly at the 
beginning and then continues nearly horizontal throughout the 
range of loads that it is required to carry. 
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As the load increases and the resistance of the outside circuit 
decreases the main current in the series field coils increases and 
the current in the shunt coils still remains constant as it is now 
fed with a constant voltage. Thus although there are more lost 
volts in the armature to cut down the voltage, and although there 
IS a much greatef demagnetizing effect produced by the armature 
yet the voltage suppUed to the external circuit is still maintained 
constant. A compound dynamo therefore if properly pro- 
portioned, will supply a practically constiint voltiige at all loads. 
In the case of the ordinaiy or short shunt compound dynamo, the 
potential at the brushes is kept constant. In the case of the long 
shunt dynamo the potential at the terminal of the working circuit is 
constant. The latter arrangement therefore is somewhat preferable 
but either arrangement proves satisfactory in well designed dynamos 
as the actual value of the difference in the two cases is generally 
very slight. 

In the case of the ordinary or short shunt compound dynamo 
the series coils furnish the excitation required to produce a potential 
such as will compensate for the lost voltage in the armature and 
the demagnetizing effects due to the armature. In the case of the 
long shunt dynamo the series coils compensate for these same 
losses as well as for the lost voltage of the series coils. 

It is advisable and generally customar}" to put a somewhat 
greater number ot series turns on the field coils than is necessary 
to overcome armature reactions and lost voltage in order to have 
the dynamo give a somewhat greater voltage at full load than at 
no load. This process which is called overcompoundins: is calcu- 
lated for a rise of voltage of about four or five per cent. As the 
load increases an engine often runs a few revolutions slower, or 
th(*re is a trifle more slipping of the belt which causes the speed 
of the ariTiature to drou a little ; the increasing load is also accom- 
panied by a c^reater lost voltiige in the line or feeders ; lience the 
dynamo should be overcompounded to make up for these losses, 
if the load is at some distance from the generator there might be 
considerably more than 6 % drop of voltage at full load. This drop 
can be figun^d and a machine may i)e especially compounded for 
this loss at the time it is built. The object of ex)urse is to keep 
the voltage constant at the lamps, and if they are some distance 
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away and the load is constantly changing it is often necessary and 
advisable to i:in so-called pressure wires from the center of dis- 
tribution liack to a voltmeter in the dynamo room. Then if the 
dynamo is not OTercompounded so as to give the proper pressure at 
all loads the pressure may be yaried by adjusting the rheostat 
which is in series with the shunt coils of the dynamo. Even 
though the dynamo is properly compounded it is almost always 
necessary to regulate with the rheostat also in the case of incan- 
descent lighting, especially where the lamps are distributed over a 
wide territory. 

In designing a dynamo for any given output it is necessary to 
make due allowance for the total energy to be generated which is 
the total voltage H' multiplied by the total current 1'. in order 
that the ener^ lost in the series field turns may not be too great, 
it is well to have them wound near the field cores so that each turn 
m<iv be as short as possible and then the shunt coils mav be wound 
outside of the series turns. 

In Fig. 11 are shown some characteristic curves of a com|X)und- 
wound Crocker-Wheeler dynamo running at 1500 revolutions per 
minute. 

The upper curve is the external characteristic of the dynamo 
running with all the resistance cut out of the shunt field regulat- 
ing rheostat. It is running, therefore, with a maximum field exci- 
tation and giving its maximum voltage, about 127.8 volts at no 
load. It will be noted that as the load increases the voltage droj>s 
somewhat. It is evident that the magnetic fiux due to the series 
ampere-turns on the field coil is not great enough to make up for 
the armature demagnetizing effects and the lost volts in the 
annature. Therefore there are not enough series turns, and the 
dynamo is undercompounded when runmng at 127.8 volts. 

Next some c f the resistance of the regulating rheostat is put 
In series with the shunt field until the voltaere falls to 109.2 volts. 
By increasing the load the voltage increases, being from about 4 % to 
7 % higher as the load increases than it was at no load. Now tiie 
rise in voltage, due to compounding, makes up for the loss in the 
line wires and is a little too great in the case of the 7 % ,and in order 
to keep the lamps from burning too brightly the rheostat handle 
would have to be turned so as to cut the voltage down a little. 
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Judging from these two curves it appears that if the dynamo were 

run at a little higher initial voltage, say 112 or 115 it would be then 

running at just about the proper voltage for which it was com- 

pounded. The percentage of the overcompounding would then be 

about four or five per cent and the dynamo might run at varying 

laads with little or no need of adjusting the rheostat. 

The curve shown by broken line (see Fig. 11) is the total 
characteristic curve derived by adding the values of the lost volts 
in armature and in series field to the value of the external voltage. 

The lower compound characteristic curve starting with an ini- 
tial voltage of 89 shows that the dynamo is very much overcom- 
pounded when running at this voltage. The rheostat has been so 
adjusted that less current flows through the field coils, the shunt 
current is reduced and the value of the shunt ampere-turns is 
reduced. On the other hand the value of the series ampere-turns 
is as great as formerly as the load increases, and so the value of 
the series excitation is now large in comparison with that of the 
shunt. The voltage therefore increases greatly with the load, 
causing the dynamo to be greatly overcompounded when stai-ted 
at an initial voltage of 89. 

In Fig. 11, is also given a curve of commercial efficiency for 
this 5 H. P. Crocker- Wheeler compound dynamo, the commercial 
efficiency being the useful electrical work, E /, derived from the 
dynamo, divided by the value of the mechanical work delivered to 
the pulley of the dynamo. 

The following table contains the data from which the charac- 
teristic curves shown in Fig. 11 were drawn. 
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The charaoteristio curves of a 5 K.W. Edison compound 
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dynamo are given in Fig. 12, for initial voltages of 131, 110, and 
90, at a speed of 1,700 revolutions. In testing dynamos it is very 
difficult to keep the speed absolutely constant. There may be a 
variation in the speed of the main pulley from which the dynamo 
is run, and the belt may slip more and more as the load increases. 
However, as the voltage is proportional to the speed, the observed 
voltage may be corrected for the observed speed quite readily. 
The reading of the voltmeter and the tachometer should both be 
taken at the same instant. 

The characteristics of the compound Edison dynamo as 
shown in Fig. 12, present very much the same phenomena as 
were exhibited by the characteristics of the Crocker- Wheeler 
dynamo in Fig. 11. The Edison dynamo, the curves of which are 
shown, is probably properly overcompounded for about 4 % or 6 % 
when running at an initial voltage of about 115. A curve of elec- 
trical efficiency is also shown. 

The following table gives the data for the characteristic and 
efliciency curves of the 6 KW. compound Edison dynamo. 
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THE nAQNETIC CIRCUIT. 

Every dynamo-electric machine or electrical instrument whose 
working depends upon the laws of magnetic induction, must Lave 
a complete magnetic circuit just the same tis it has a complete 
electric circuit. Moreover tlie laws governing th3 magnetic cir- 
cuit five similar to the laws governing the electric circuit. The 
one important diflference Ijetween the magnetic circuit and the 
electric circuit lies in the diflFerenc'e of materials of which the two 
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are composed. Every substance is a conductor of electricity to a 
certain extent; there is no perfect non-conductor or insulator. 
The best conductors are metals and graphite. Dry air, dry wood, 
mica, rubber, etc., are such very poor conductors of electricity that 
they are called insulators or non-conductors. 

Almost all substances are fairly good conductors of magnet- 
ism. Iron and steel in their various forms are excellent conductors, 
and nickel, cobalt and oxygen lie between these and the fairly 
good conductors in their magnetic qualities. Fairly good con- 
ductors include solids, liquids and gases, metals and non-metals, 
organic and inorganic substances; and with the exceptions named 
alx)ve and a fc»w others, they are equally good conductors. Air is 
generally taken as the standard and is neither a better nor a 
poorer conductor than gold or copper. 

The greater the current in an electric circuit the gi'eater is 
the amount of energy required to cause the cun-ent to flow, pro- 
vided the resistance remains unchanged. In like manner the 
amount of energy required to produce a magnetic flow in air is 
proportional to the strength of the magnetic field produced. Iron 
and steel however have induction coefficients which are very 
important in their bearings. When an electromagnet is weakly 
magnetized the amount of electrical energy required is nearly pro- 
portional to the strength of magnetism. After the metal begins 
to be saturated with magnetic lines, the amount of electrical 
energy required to increase the magnetism becomes much greater 
than formerly. After the metal has become strongly saturated 
with magnetic lines even a large increase in the electrical energy 
supplied may produce almost no increjise in the magnetic intensity. 

In order to have an electric flux or electric current in an elec- 
trical circuit it is necessary to have an electromotive force. Simi- 
larly in order to have a magnetic flux or magnetic field it is first 
necessary to have a mag^neto-motive force, (M. M. F.). Lode- 
stones and oth(»r so called permanent magnets have a magneto- 
motive force that keeps up a magnetic flux or field constantly. 
By passing an electric current through an electric circuit a mag- 
neto-motive force is induced at right angles to the path of the 
electric conductor. In the electric circuit a given E. M. F. will 
cause a larger current to flow through a low resistance conductor 
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than through a high resistance conductor. Similarly with a given 
M. M. F., a greater magnetic flux is produced in a gtxxl magnetic 
circuit of iron or steel than in a poor magnetic circuit of air or 
copper. 

The geometrical distribution of the magnetic lines of force 
about a conductor carrj-ing a current is shown in Fig. 8, which 
gives an end view of the conductor. The current is assumed to 
be flowing toward the observer, and the direction of the magnetic 
flux is shown bv arrows. 
As shown by the flux 
paths 1^ 2, 3, 4, 5, the 
magnetic density is greater 
near the ^vire, diminish- 
ing rapidly in strength 
farther from the conduc- 
tor. The mathematical 
law of this diminution is 
as follows: the intensity 
varies inversely as the 
distance from the con- 
ductor. 

If an electric conduc- 
tor is bent into the form 
of a loop and an electric 
current of one ampere 

passes through the conductor then a certain ftuml)er of magnetic 
lines of force pass through the loop. After following curved paths 
they will return to the loop passing through it again in the same 
direction as at first. Now if two amperes flow through this con- 
ductor, or the same current (one ampere) flows through two similar 
conductor laid side by side, then in either case just twice as many 
magnetic lines will flow through the loop as in the first case. 
Therefore the intensity of the magnetic flux through a loop com- 
posed of an electric conductor carrying a current, depends upon 
and is directly proportional to the number of ampere-turns* 
This magnetic flux can be made very great either by forcing a 
large current through the conductor, or by having a very large 
number of turns in the loop, or by both. 




Fig. 8. 
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The absolute unit of current being ten times the ampere, the 
ampere-turn i8X)nly one tenth the value of the current-tuni. Of 
the two, the ampere-turn is in more common use as a practical 
unit. The fundamental unit of M. M. F. in the United States is 

called the gilbert* and is produced by _ - of a C. G. S. unit or 

current- tura, or by — ampere-turns. Therefore by dividing the 

4:7r 

number of ampere-turns in any coil by — , the M. M. F. of the 

47r 

coil is obtained in gilberts. 

The quantity of magnetic flux in any magnetic circuit 
depends upon the M. M. V. and upon the nature and form of the 
circuit. In an electric circuit the current produced by an E. M. F. 
depends upon the resistance of the cii'cuit. Similarly in a 
magnetic circuit the magnetic flux produced by a M. M. F. depends 
upon the mag^netic reluctance or simply reluctance of the magnetic 
circuit. Magnetic reluctance is similar to electric resistance and 
is often defined as the resistance of a circuit to magnetic jliLx. 

The resistance of an electric circuit measured in ohms is equal 
to the specific resistance or resistivity of the conductor, multiplied 
by the length and divided by the cross section of the wire. Simi- 
hirly, the reluctance of a magnetic circuit, measured in oersteds, 
is equal to the specific mag^netic resistance or reluctivity of the 
iiijignctic conductor, multiplied by its length in centimeters, and 
divided by its cross section in square centimeters. The reluctivity 
of a vacuum is unity and the reluctivity of air is generally con- 
sidered equal to unity altliough it varies slightly. All ofeher non- 
magnetic substances such as brass, co{)per, glass, wood, and water 
also have a reluctivity which is practically equal to unity. The 
reluctivity of magnetic metals sucli as iron, steel, nickel, and 
cobalt vary quite widely from unity and their values also vary 
quite widely among themselves. 

Tlie unit of rehictance by whicli the magnetic resistance of a 
circuit is measured is called an oersted, and is defined as the 
reluctance or magnetic resistance of a cubic centimeter of air 
measured betvyeen two opposite faces, hence the reluctance of a 
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rj = 



column of air 20 cm. long and 2 cm. sqaare (4 sq. cm.) is 5 
oersteds. 

In the electric circuit, 
Electric fiux (in amperes) = 

Electromotive force (in volte) 
Resiat^ce (in olims) 
In the magnetic circuit, 
Magnetic flux (in webere) = 

Magneto-motive force (in gilberto) 
Reluctance (in oei-steds) 
If a non-magnetic ring (see Fig.l4), is uniformly wound with 
insulated wire, and a cnr- 



or4» ^^ - 



rent is passed through 
the wire, the ni^;netio 
circuit will be completely 
cloeed by the coil or sole- 
noid, and no magnetic 
flux will leak outeide of 
the coil. If the cross 
section of the ring is 15 
sq. cm., and the mean 
circumference is 45 cm., 
the reluctance of the 
m^netic circuit will be 

__ = 3 oersteds. If 
15 

the number of turns of 
wire is 100 and the cur- 
rent 5 amperes the M. yi 
M. F. in the magnetic 

circuit will be 500 ampere-turns, or 500 -| 

berts. The mt^netio flux in webeis will be 

628.32 

8 




: 628.32 gil. 



■ = 209.44 webers. 
The weber is the magnetic line of the preceding section. 
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The greater part of the magnetic circuits in dynamos consists 
almost entirely of iron. The reluctivity of iron and steel varies 
greatly, according to hardness and chemical composition, and also 
the degree to which it has been magnetized. When iron is fully 
saturated magnetically its reluctivity is as great as the reluctivity 
of air. The reluctivity of soft iron or steel, when it is not strongly 
magnetized, is often several thousand times less than that of aii. 
The ferric magnetic circuit is an easy one to calculate, however, 
since the magnetism is confined almost exclusively to the iron, 
thus giving a magnetic cirpuit of definite and easily computed 
length and cross-section. 

There is some leakage of magnetic flux from the iron into 
the air. For dynamos of ordinary sizes and shapes it varies from 
15% to 80% of the flux through the field coih. It may be 
separately calculated and allowed for. 

The magnetizing force, represented by the symbol JC, may 
be defined as the rate at which the magnetic potential diminishes 
in a magnetic circuit. The total fall of magnetic potential in a 
magnetic circuit is equal to the M. M. F., just as the total fall or 
drop of electric potential in an electric circuit is equal to the 
E. M. F. The total difference of magnetic potential in the mag- 
netic circuit jshown in Fig. 14 is 628.32 gilberts. As this circuit 
is symmetrical and uniform throughout, the drop of magnetic 
potential is uniform and equal for each unit of length. The 
mean length of the circuit being 45 cms., the rate of fall of poten- 
tial is about 14 gilberts per centimeter all around the circuit. 
This is the magnetizing force, or the magnetic force, represented 
by 5C. When there is no iron or other magnetic substance in the 
circuit, the value of the magnetizing force JC is equal to the flux 
density (B. 

If in any magnetic circuit the M. M. F. expressed in gilberts 
is divided by the length of the magnetic circuit in cms., the average 
value of the magnetizing force will be obtained. Thus in a long 
helix, if there is a M. M. F. of 500 gilberts, and the magnetic 
circuit inside the helix has a length of 60 cms., the magnetizing 
force will be 10 gilberts per centimeter, and the flux density will 
be 10 gausses, provided there is no magnetic substance in the 
circuit 
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If there is iron or any other magnetic substance in the circuit 
"tihe magnetizing force will still remain 10 gilbei-ts per centimeter 
although the magnetic flux density will be greatly increased 
according to the permeability of the magnetic circuit. 

FORHS OF FIELD riAQNETS. 

The function of the field of a dynamo is to provide a space 
filled with lines of magnetic induction which the conductors of the 
armature may cut, thus causing an electromotive force to be gen- 
erated in them. It is immaterial to the generation of an electro- 
motive force whether the armature or the field revolves, though 
generally the field is stationary. It is usually desirable to main- 
tain the magnetic induction or number of magnetic lines at con- 
stant value. The first field magnets to be used were permanent 
steel magnets, and small dynamos are still built with them. The 
magnetormachine is a shuttle-wound dynamo having its field 
produced by permanent magnets. Such machines can not) of 
course, have as large a capacity as others equipped with electrcw 
magnets, and they are subject to loss of magnetism which after a 
while is liable to render them useless unless they are remagnet- 
ized. The fields of modern dynamos are supplied by electromag- 
nets, connected to the circuit of the dynamo according to the pur- 
pofle for which it is built. The different forms, named according 
to the winding are, — the magneto, the separately excited 
machine,, the series machine, the shunt machine and the com- 
ponnd-wound machine. 

The separately excited dynamo has its field coils fed from 
some outside circuit. This form of winding is not used much 
with direct current machines except for special cases. Its place is 
with alternate current machines where it is inconvenient to excite 
a machine by its own current. 

Field magnets for dynamos and motors have been made in 
almost every conceivable shape. Electrically speaking the best 
form to use is one which has the most compact arrangement, pre- 
senting the shortest path for the flow of magnetism, the greatest 
cross section, and the fewest number of joints. Such a form 
would have the greatest permeability and would consequently be 
tl e mort efficient. But the form ^hich is most desirable electri 
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ally may often be very difficult and expensive to construct so that 
the forms which have become fixed in practice are usually the 
ones which have been found to give the best results at lowest cost. 

Some of the more usual forms are shown in F'igs. IT, 16 
and 17. All types come under three principal heads ; the single, 
the double, and the multiple magnetic circuit. 

The horseshoe form is the type of the single circuit bipolar 
field magnet frame. It is placed upright, C Fig. 15, or inverted, 
B Fig. 16. The Edison. machine is » type of the upright form, 
which has the disadvantage that it must be mounted on a zinc, 
bi*as8 or some other non-magnetic base, bec;xuse if tlie latter were 
of cast iron, or any good magnetic conductor, the magnetism would 
be largely diverted by it instead of passing through the armature. 
The Thomson-Houston machines, now built by the General Elec- 
tric Co., are of the inverted horseshoe type. The Jenney Electric 
Co. uses the horizontal type and the vertical form is employed b}' 
the Excelsior Electric Co. A modification of the horseshoe magnet 
type as generally used, is that employed by the Eddy Electric Co., 
D Fig. 15. In this machine there is no yoke and simply a half 
ring joins the pole pieces. This gives a very good magnetic circuit 
but is expensive to build. Another modification is the one mag- 
net form, which has only a single coil wound on the portion of the 
frame corresponding to the yoke, as A Fig. 15, and this, like its 
prototype the double coil frame, is made in several positions. 

The double magnetic circuit form is equivalent to two horseshoe 
magnets joined at the poles. The chief advantage of this type is 
in its greater mechanical strength. The coils are sometimes 
placed on the two upright sides which connect the top and bottom 
yokes, as shown by K. Fig 16 and P Fig. 17, the i>ole pieces l)eing 
formed on the yokes. Again the pole pieces are elongated to make 
room for the coils and are placed either vertically or horizontally 
as shown by G and I. The double magnetic circuit type with 
internal poles (G Fig. 16) is called ironclad and is used in places 
where the machine might be exposed to accident. A modification 
of this type is used for street railway motors, the outside connect- 
ing pieces are thinned out and spread around the motor so as to 
completely cover it, affording perfect protection against injury 
from water or from mechanical means. 
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Fig. 18. 



A curious modification is the Thomson-Houston " bird cage " 
arc light machine sliown by N Fig, 17. It has tubular nii^ets and 
tlie pole pieces are fnrmeti to receive a spherical armature. The 
return circnitoryokeix made of wrought iron bare. '1 he advantage 
claimed fur tliis coni^trui^tion is that lesH wire is needed. Another 
ingenious fomi of the ironclad type is that used in the Lundell motor 
shonn m section In I. Fig, 16. There is but one coil which 
encloses tlie pule piccpft, the whole being in turn completely 
incased by the lemanuler of the magnetic circuit. 

The double mi^netic circuit 
type, modified by the formation of 
a pair of extra poles on the pieces 
which form tlie return circuit as . 
in Fig. 18, gives rise to the four- 
pole type and hence to the multi- 
polar multi-circuit type. 

The multipolar field m^;nets 
are usually circular in form with 
inwardly projecting pole pieces. Siemens & Halske use a form 
having outwardly j)rojecting (wle pieces with the armature ring 
rotating outsi<li' llu- lit'ld as shown in Fig. 
20. This gives 11 lifUiT magnetic circuit 
but intrmluoes mechanical difficulties in 
securing iinuiitun- supports. Sometimes 
the multipolar field is built with the coils 
on the yoki's bftwi-i'ii poles instead of 
on thciJi. 

Tlie cirniit of ihe Hull dyn.inio is 
shown by yi V\ii. 17. uii.l that of the 
Brush dynamo hy (^ Fig. 19 and H 

Fig, 10 show niagiit'tir linuits of typical small multipolar dynamos. 
The nuignctiu ciivuit of ii laige innltipohir dynamo with inwardly 
piojectiiig poles is shown hy <>, Fig. 17. 

Kur large machines the niuIti(>oIar type is most in use because 

it results in a saving of iMith cupper and iron and gives a moi-e 

symmetrical arrjingement. Helnw 10 K. W. capacity the bipolar 

"-■mis are to be pi-eferred as they are simpler. The bipolar single 

luit tyiM'M are generally sinjcrio'- *f the double circuit types 
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because they need less wire and are less subject to magnetic 
leakage. 

DYNAMO CONSTRUCTION. 

The Armature. Tbe armature of a dynamu is thnt portion 
of the machine in which the electrical output is generated. The 
[trinciple underlying every armature is the law of induction, that 
any conductor which cuts across a m^netic field has electro- 
■ motive force gener- 
ated in it which tends 
to set up a current. 
The various arma- 
tures of modem com- 
mercial machines are 
the mechanical means 
which experience has 
shown to he best 
adapted to carrying 
out the law of induc- 
tion serviceably and 
efficiently under the 
various conditions and 
uses to which the 
machines are sub- 
jected. •■"'■ »■ 

The two forms of armature in common use and from which 
nearly all others have been derived are the Gramme or ring-wound 
armature, and the drum or shuttle-wound armature. Fig. 21 shows 
a diagram of s simple ring armature with one coil, and Fig. 22 a 
diagram of a drum armature. In practice the number of coils 
on a single armature is of course large. In the Gramme ty[>e 
tbe iron core is a ring on which tbe inn\& are wound. In tbe 
drum type the core is a cylinder, the coils being wound on tlie 
surface and ends. Where slow speed is desired the ring armature 
is most generally used; tbe ventilation is l>ettcr and a hij^h insula- 
tion is more readily obtained. 

There is also the pole annature, witii itM conductf)rs wound 
opon iron cores projecting radially outwards; and tbe disk armr 
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ture which has no core, the conductors fonning a flat disk which 
rotates in a narrow gap between the pole pieces. 

The Armature Core. The iron armature core not only 
serves as a support for the armature conductors but also serves as 
a medium of low reluctmee tlirough which the magnetic flux 
from pole to pole may readily pass. 

If the core consisted of one solid piece of metal, it would, 
since it rotates in a varying magnetic field, have currents induced 
in it, as is the case in the conductors on its surface. The iron 
itself would form a closed circuit for these currents, which are 
known as Foucault or eddy currents. Their presence would not 
only be a waste of energy, but would also cause injurious heat- 
ing. These currents are, however, largely reduced by laminating 





Figr. 21. 



Fij:. 22. 



the core, that is, by building it up of thin insulated sheets of iron. 
These slieets or discs are perpendicular to the direction in which 
the induced currents would flow, and therefore break the other- 
wise closed circuit. The discs, being perpendicular to the direc- 
tion of the induced currents are parallel with the lines of magnetic 
flux and then^fore tliis laniinati<^n does not increase the resistance 
to the nuiLfnetic flux. The core of a drum armatui*e is made up 
of a number of circular discs, and a ring core is made up of a 
number of similar rin<^s. The discs may be insulated from 
each other by sheets of paper, a coating of varnish or by rust that 
is aUowed to form on their surface. 

The higher the permeal)ility of the material of which the co: 
is composed, the less will be the hysteresis loss and the greatei 
may be the magnetic flux per unit of cross section; the core discs 
are therefore punched out of the softest sheet iron or soft steeL 
which in some cases is afterwards annealed. 
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It has largely become the practice to use toothed armature 
cores shown in Fig 23, the conductors being laid between the teeth 
and within the outside surface of the core. The air-gap between 
the core and pole pieces can then be reduced to a minimum, and 
the conductors are well protected from injury. The conductors 
are also securely held in place. Such cores are, however, more 
expensive to make and unless proper precautions are taken, the teeth 
are likely to set up eddy currents in the pole piece surfaces. 

Armature cores are usually built up on an internal frame or 
skeleton which is in turn finnly keyed to the shaft. In drum 
armatures the core discs may be 
keyed directly to the shaft, or 
the shaft and hole through the 
discs may be made square or 
octagonal. The discs are some- 
times held together by large nuts 
screwed directly on the shaft, 
or, as is usually the case, by 
bolts passing through the discs. 
In the latter car end-plates 
somewhat thicker than the disc3 

ate provided, and to reduce the p,g ^ ToothedTrraature Core, 
presence of eddy currents which 
would occur if the plates were of iron, they are sometimes made 
of brass or other non-magnetic metal. These bolts and end-plates 
are always insulated from the core by tubes and washers of paper, 
fiber, or mica. 

The core of ring and of large drum armatures, being in 
the form of a ring, must be supported on some form of spider. 
This consists of a hub or sleeve keyed to the shaft and is pro- 
vided with projecting arms which support the core. A simple 
construction is shown in Fig. 24. Two spiders are used, the core 
being clamped between them. It will be noticed that the bolts do 
not pass through the core and therefore are not in the path of the 
magnetic lines. 

Before the conductors are applied the core should have all 
sharp or rough edges removed. In order to secure good insulation 
from the conductors the cores are covered with a few layers of 
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total length of wire is halved and the halves are connected in 
{larallel. 

There kive been many variations in winding, all based on the 
drum or riii^ winding, and resulting from the necessity of reducing 
the cost of mamifacture and from the increase in the number of 
poles used in a single machine. The armatures of small machines 
are usually wound with copper wire, which in lai^r machines is 
replaced by copper bars, these bars being laminated above certain 
sizes to prevent the occurrence of eddy currents in their own mass. 
The use of more tlian two poles greatly increases the varLition 
which it is {)Os.sible to make in the windings. Fig. 26 illustrates the 
winding and connections of a four-pole ring armature. As there are 

four neutral points it is neces- 
sary to use four brushes, two 
positive and two negative, the 
winding forming a closed cir- 
cuit from brush to brush. To 
supply the external circuit the 
two positive brushes are con- 
nected giving one poeitiye 
terminal, and the two nega- 
tive brushes are connected 
giving one negative terminal. 
Thus the external current in 
passing through the machine 
subdivides at the two brushes 




VlfT. i57. Four-Pole Ring Winding. 



and ii<!:ii\n 8ub(livi(l*»s in the armature, therefore only ^ of the total 
ciiinait piLSsos through t^ach conductor. The internal rt^sist- 
ancij is '^Q of ihjit of all the wire on the armature. Similarly 
uum^ poles would ciiuse the current to divide a greater number 

of times. 

It is not always necessary to have as many brushes as there 
are iitMilral points or poles, although this is usually the case. By 
the siinple device of cross-connecting, a diagram of which is shown 
in Fig. 27, the nunilx^r of brushes may be reduced to two. Each 
coil is cross-eon aecti^d with others occupying a similar position 
undc»r the corresponding {>ole. This cross-connection may be 
either in the armatui-o itself or in the commutator. 
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A method by which armature windings and connections are 
clearly shown coosiBts in laying the poles and winding out in a 
plane sur&ce, or in showing the winding as it will appear when 

'T 
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Fig. SS. Developed Utng Wlndlag. 



nnfolded upon a plane surface. Such a development of the winding 
of a ring armature is shown in Fig. '28. Figs. 29 and 30 show 
two windings called the lap and the wave winding respectively. 
They are more like the drum winding than the ring, being 
entirely exterior to the core. A portion called an element is 
shown heavier than the remainder of the windings which are all 
similar to it. 

A conductor on a revolving armature generates an £. M. F. 
under a north pole in the opposite direction to one undei a south 
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Fig. 29. Developed L&p Winding. 

pole, so that it is possible to lay out a wire on the snr&ice of an 
armature, carrying it across the ends from point to point, in such 
ft way that it will be subjected to an inductive effect tending to 
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drive the current in ttie same clirectioa throughout its length. 
The two waya of obtaining this result are illiutrated iit Figs. 29 
and 30. The reason for calling them lap and uraee windings is 
thitt one doubles back on itself every turn, while the other goes 
aheiid in a continuous zig-zag, as will become apparent by follow- 
ing an element. 




Fig. 30. Developed Ware Windiog. 



Open Coil Armatures. In the open coil type of armature, 
which is used chiefly for arc lighting or constant current machines, 
the various coils, which are few in number, are not interconnected ; 

each winding performs its function independently of the others, 
nnil is cut iiito tlie circuit l)y the commutator at the time of greatest 
activity and is entirely disconnected from the circuit wlien it is 
idle. 

The commutators of such machines are nia<le up of few 
segments wlii<li are insulated from each other by airsjmces. These 
niacliiiies generally >!iiark considerably at the brushes on account 
of the aitual lircak in tlie circuit of the separate armature coils. 

Fii,'. 31 sliows a diagniiu of a Brush arc machine which is 
ring-wound. There are foui- coils, the two coils A and Cof one 
winding l)eing iu series and terminating in a two part commutator, 
wliih- tlie othei-R 7i ami D, also in series, terminate in another two 
part comnuitator. The eonimiitatois are placed side by side and the 
segments are made long enough to overlap so that sometimes the 
brushes are connecteil to one pair of terminals, sometimes to 
the otlii'i-, and sometimes to both at once. When the brushes EE 
touch both sets of terminals at once thus bringing the two wind- 
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ings in parallel, s current would be set up in one winding by the 
other owing to the difference in activity of the two, were it not for 
the high self-inductioa of the coil8. The contact between the 
brashes and a pair of terminals breaks just when the coils con- 
nected have reached the point of least activity. The completed 
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Fig. 31. Diagram of Bmsh Arc DjDKmo. 
dynamo has another set of coils between those shown, on 
the same ring, and another commutator and pair of brushes 
beside the first set. One bi-ush o£ the first set is connected to the 
outside circuit, the other is connected to one of the brushes of the 
second set while tlie remaining brush is connected to the other 
terminal of the outside eitcuit through the field coils. In this way 
the two sets of windings are brought in series with esich other and 
owing to their relative positions, one irf at a maximum attivity 
when the other is at a minimum, one increases as the other 
decreases, and vice verta, bo that the sum total of the action tends 
to keep the current from fluctuating. 
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Commutators. It haa been Bhown how cmrent generated in 
a coil revolving in a magnetic field is necessarily alternating, being 
generated in one directaon through the coil vhen the coil is rising 
through the field and in the opposite direction -when it is descend- 
ing. The first machines huilt were alternating current machines, 
but as the alternating current could then only be used for a few 
purposes the invention of the commutator soon followed. Tlie 
simplest form of dynamo is a single coil revolving in a field, the 
terminals of the coil ending in two pieces of metal which form the 
halves of a circle, and with which the brushes are in contact. 
As the coil rotates, first one terminal and then the other comes 




Fig. 33. Commutator. 

under a binsh. If the brushes are put in the right place the 
terminals will always Ituve the same polarity when they make con- 
tact with tlie brusliea so that a continuous current can be drawn 
from tliem. Tlie current is continuous however, only as r^ards 
direction for the strength of the current is varying. 

Aa the ceil moves into the denser part of the field the current 
increiiscs, aiul as the coil moves out the current decreases. If we 
had two ceils at right angles to each other, moving through the 
field ill the simie time, the pulsation would only be half 
as great as with one. We can therefore make the pulsation as 
small as wc like by increasing the number of coils and hence the 
number of commutator segnionts. The fiuctuations become per- 
ceptible ill a two pole machine when less tlian 30 coils are used; 
and tlie commutator bars seldom exceed 100 for this type of 
machine on account of increased e^>en8e. In lai^r machines the 
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total number of commutator segments increases with the number 
of pairs of poles. 

The commutator must be well designed mechanically as well 
as electrically. Each segment must be carefully insulated from 
adjacent ones and from the shaft upon which it is built up. The 
insulation between the segments consists of sheets of mica which 
liave been selected for firmness, freedom from cracks, and uniformity 
in thickness. The segments taper toward the center so that they 
will build up into a cylinder. The whole is firmly clamped 
together by insulating rings held in place by metal rings and lock 
nuts. Figs. 32 and 33 show two different methods of securing the 




Fig. 88. Cbmmiitator. 

assembled commutator bars. The best material for the commu- 
tator bars is hard copper or silicon bronze which should be as 
nearly pure as possible and uniform in its structure. The com- 
mutator is designed larger than necessary so as to allow for the 
continual wearing away of its surface ; and also to allow it to be 
turned down from time to time when the surface becomes rough 
as the result of uneven wear or accident. 

Brushes. The cross section of the brush must always be 
large enough to carry the maximum current which it is HI ely to 
be called upon to furnish, with a liberal factor of safety. The 
thickness at the contact with the commutator should not be less 
than one and a half times the insulation between the bars and is 
usually greater. The material must be softer than that of the 
commutator so as to wear the brush rather than the commutator. 

There is a large number of different foims of brushes, each 
baying its special advantages and disadvantages. In the Brush 
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•re dTnamo the bn»h consist* of a simple «rip of sheet copper 
iia%'ing slits in it to insunr in»i contact, and is set almost tangent 
to the commataO'.'r. 

The wire brush has been moeh used and is sdll employed; it 
consists of a bundle of fine ct>pper wires all soldered together at 
tlie end f urthe&t {r»>m the commurator, and being inclined to its 
surface, the brush iias the contact end beveled to fit the conmiuta- 
tor in order that the ends of all the wires mav make contact. 

Copper gauze brushes consist of sheets of fine copper gauie 
folded or rolled up and pressed into rectangular form. These 
brushes owing to their soft spongy nature secure excellent contact 
with the commutator. 

The carUin brush is now used more than any other. It is 
usually applied radially giving the advantage that if the machine 
is run backwards, through accident or intention, there is no danger 
of ruining the brush by causing it to trip on the edge of some com- 
mutator bar that might Ije slightly out of place. It also wears a 
better surface on the commutator and the amount of wear is much 
reduced. The collection of carbon dust is far less objectionable 
about a commutator tiian that of copper dust being less likely to 
cause a sliort circuit. The main advantage of the carbon brush is 
the redur-tion of sinrking. As carlx^n has a high specific resist- 
ance it temls to k*-»'{) the current down when the commutator bars 
are sliort circuitc«l l>v coininjr under the brush, and there is there- 
fore little or no sparkinc: when a bar breaks contact with the 
brush. This advantage bt-conies less marked in machines having 
many sefrrn»*nts in the comniutiitor and ver}' low difference of 
IKit«'ntial Ix-tween tlieni, for in such machines there would be little 
sparking even with cop[)er hiushes having high conductivity. 

Brush-Holders. The brush must be held rigidly in position 
by a mechanism called the brush-holder which is capable of being 
revolved part way around the shaft so as to shift the point of con- 
ta<-t lK5tw(;en the biush and the commutcitor. The holder is usu- 
ally mounted on a collar which in turn is mounted on a hub 
formed ])y a projection from the jounial box. An insulated 
handle is provided by wliich to shift the brushes to the desired 
position, and it is often made to screw into the collar in such a 
way that the brush-holder can \ye locked in any position. In very 
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Fig. 34. Curves of Magnetic Induction. 
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large multipolar machines where there are as many brushes as 
poles, a substantial ring is formed separate from the machine. This 
ring is supported from the field casting by arms, and is shifted by 
the aid of a hand wheel and worm meshing with teeth on the ring. 

Except in very small machines brushes are subdivided into 
two or more parts pivoted on the same shaft of the brush-holder. 
By this means of construction one brush at a time may be lifted 
and examined without breaking the circuit or interfering with the 
operation of the machine. The brush-holders are generally pro- 
vided with adjustable springs which give the brushes a proper 
pressure on the commutator. If much of the current is allowed 
to pass through the springs, they are heated and soon lose their 
temper, and they cannot then exert sufficient pressure on the 
brush. The springs are therefore insulated, or arranged so that 
only a very small part of the current passes through them. 

Field Magnets. In the construction of the field magnets the 
principal materials used are cast iron, cast steel, and wrought iron. 
Usually a combination of two of these is used. In Fig. 84 are 
shown curves of magnetic induction for cast iron, wrought iron 
and cast steel. 

Cast iron has the lowest permeability of the three and hence 
for a certain magnetic flux must necessarily have a larger cross 
section. It is customary to allow a density of about 45,000 lines 
per square inch for cast iron. This material is used, on account of 
its cheapness, for yokes, polepieces, bases, or in general where 
extra weight or size is not objectionable. This extra weight is 
often an advantage since it gives greater firmness and stability. 

Wrought iron is generally considered to have the highest per- 
meability of any material and a density of about 90,000 lines per 
square inch is usually allowed. Owing to its high permeability, 
wrought iron is used where a small cross section is desirable, and 
this is especially the case in field cores. To wind a certain num- 
ber of turns upon a wrought-iron core will require a considerable 
less length of wire than if a core of some other material large 
enough to csLTvy the same magnetic flux were used. If a 
cast-iron core were used the length of wire would be about 1.5 
times that needed for a wrought-iron core for a given number of 
turns. 
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The impioYed and cheaper processes of casting soft steel 
having a low percentage of carbon, has led to its adoption for 
field magnets in many dynamos. Cast steel has a very high per- 
meability and some varieties have a higher permeability than that 
of wrought iron; it is customary however to allow a density of 
about 80,000 or 85,000 lines per square inoh. Cast steel u 
always used for field magnets where lightness and small size are 
desirable. 

Field Coils. For convenience in construction and repair of 
field coils they are usually wound on a separate foim and then 
placed in position on the cores. The cylindrical form upon which 
they are wound often consists of tubes of brass or tin, having 
flanged ends. The coil should be insulated from this tube by a 
few layers of thick paper or fibre. The finished winding should 
lie perfectly symmetrical or as nearly so as possible. The leads 
from the coil should be carefully protected and insulated; this 
is especially the case with the inner terminal, which is usually 
carried out through a hole in one end of the tube or spool. 

As the conductors of series coils often must be of large 
size, they are difficult to wind, and therefore usually consist 
of sevei-al smaller wires connected in parallel, or of ribbons or 
strips of sheet copper. In compound-wound machines the series 
and shunt windings may be separate or on the same spool. In 
the latter case the shunt coil and series coils are wound in sepa- 
rate compartments of the spool. When the coils are separate 
there is the advantage of greater ease in repair and also greater 
radiating surface. 

SPARKING. 

It sometimes happens that heavy sparking takes place at the 
brushes of a dynamo and if this is not prevented it soon bums and 
roughens the surface of the commutator and the brush so badly 
that the dynamo is thrown out of service. Sparking may 
result from either mechanical or electrical faults. If one bar of 
tlie commutator is higher or lower than the rest there will be a 
spark every time it passes under the brush, or if the lead from an 
armature coil to one of the commutator bars should become dis- 
connected, or if there should be a break in some other part of the 
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coil, there will be flashing when tlie bar passes under a brush. If 
the sparking is contiiiuoua and not due to mechanical cansot 
the bnisltes sliould be rocked one way or the otiier until a position 
is found wliere the macliine runs sparklessly, or nearly so. 

When a dynamo is in operation the cuiTent passes from 
the positive brushes through the external circuit to the negative 
brashes, and then sub-divides and passes throngli the armature 
to the positive brushes. To understand the production of spark- 
ing due to an incorrect position of the brushes it is necessary 
to consider t)te commutation at one brush only. 

Referring to Fig. 35, it is evident that the current passes 
through coils 2 and 3 to segment d in one direction and through 
coils 5 and 4 to segment d in the opposite direction. From seg- 
ment d the current passes to the positive brush and to the external 
circuit. Further movement of the armature in the direction of 
rotation will bring Ijoth segments c and d nnder the positive 
brush at the same time and coil 3 will then \>e short circuited. 
Timt is, these two segments, 
the brush and coil 3 will form 
11 complete circuit of very low 
' resistance, and the current 
mity pass from coil 2 directly 
to segment e and the brush, 
and from coil 4 directly to 
segment d and the brush. 
As the armature continues 
to rotate, coil 3 will come xmder the noitli pole and segment c 
under the }>o9itive brush. The current must then pass from coil 4 
thi-ough coil .'! to segment c and the brush. In passing the brush 
coil 3 is tliereforc nt iiist short circuited and afterwards is trav- 
ersed by a current in the revei'se direction to that originally con- 
sidercd. I-^uch coil siiccossively passes through tliesanie positions. 
Now, suppose the position of the positive brush is such that when 
coil 3 is short oireuited it is cutting no lines of force and therefore 
genei-ating no R, M. F. Then there will be no current and as the 
coil passes to the right it will be perfectly idle, and when segment 
rf leaves the bnish the lai'gf curi-ent from coil 4 should pass 
through coil 3 to get to segment c and the brush. On account of 
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the large self-induction of the coils, however, the current cannot 
immediately rise to its full value in coil 3 and hence will prefer to 
jump from segment d to c^ causing sparking. Now consider the 
result when the brush is shifted to the left or backwards, so that 
when the coil is short circuited it is still cutting lines of force. 
The geneiation of a slight E. M. F. will cause a large current to 
flow on account of the very low resistance of the coil, and the 
direction of this cuiTent will be opposite to that which the coil 
must next convey. For such a position of the brush excessive 
sparking will result. 

Now consider the brush to be moved foi-ward or to the right, 
so that while the coil is short circuited it is passing into the field 
at the right, or under the north pole. The E. M. F. generated by 
coil 3 will then cause a current to flow which will be in the same 
direction as that in coil 4, and when segment d passes from under 
the brush the current in 3 already has a certain value. The correct 
forward position of the brush is such that coil 3 generates just 
suflScient E. M. F. to produce a cuiTent equal to that which passes 
in coil 4. No sparking will occur under these conditions, as the 
effect of self-induction has been counteracted and the current from 
coil 4 will readily pass to 3. If the brush is too far forward, too 
large a current will be generated, and cause sparking. The brush 
must be set forward a greater amount for large armature currents, 
since the short-circuited coil must generate a higher E. M. F. 
to produce the large current. The distortion of the field by the 
armatui*e also necessitates the shifting of the brushes forward. 

INSTALLATION AND OPERATION. 

A good foundation is the first requisite in a dynamo installa- 
tion. With belted machines the high speed may give trouble if 
the foundation is insecure. With direct driven machines the 
engine and dynamo should be mounted on the same bed plate if 
the size permits. In selecting a position for the dynamo, freedom 
from dampness and dust should be secured and also good ventila- 
tion. A belted dynamo should be far enough away from its driv- 
ing pulley to allow the belt to have good contact. A modem 
direct connected unit of 15 K. W. capacity is shown in 
Fig. 86. 
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Most machiDes of modern design tire furnished with self- 
aligning and Belf-oiling bearings. If there iii-e a number of 
machines in one inst;illa(ion each of which is fitted with oil cupe, it 
may be advisable to have a syetem of oil pipes arranged to dia- 
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charge oil through a stop oock into the oil cups. All oil cons 
should be of non-magnetic material, to prevent aocideoia vhii-b 
might arise from the attraction that would be exercised oa an inn 
can when placed near eome parts of the dynamo. 

All electrical machinerj' should he kept aorupnlously ol 
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Brushes should at all times be kept in good contact with the com- 
mutator, with their faces properly bevelled, and if they are of 
metal, the armature should never be allowed to run backwards. The 
commutator must be kept smooth and polished, as any roughness 
will cause sparking and a burning of the surface. If each brush- 
holder supports two or more brushes a^i is generally tlie case, they 
should be staggered enough to prevent uneven wearing of the 
.commutator. * The commutator is the most delicate part of a 
dynamo and consequently requires special care. Commutiitors 
should be kept free from oil, as it will carlx)nize and cause flashing 
and may even partially short circuit the bars. Where carlx)n 
brushes are used the carbon dust should be wiped off from time to 
time. Some lubricant is generally necessary for the commutator, 
and it may be applied by holding against it a coarse cloth folded 
smoothly and containing the lubricant. Vaseline is generally used. 

The position of the brushes should be such that the machine 
runs sparklessly and when a change of load causes sparking the 
brushes should be shifted at once to the right position, as the 
commutator will become so badly roughened if allowed to run 
long in this condition, that it will have to be turned down with a 
cutting tool. The term sparkless means that there are no sparks 
present suflSciently large to burn the metal. When a machine is 
running it is possible by looking tangentially to the commutator 
at the brush to see a line ok these blue sparks under the brush. 

Dynamos as a rule are not liable to many mishaps if they are 
properly built and if they receive proper care, but it is often diffi- 
cult to locate certain faults. A new machine will sometimes refuse 
to generate when fii-st started ; this is often due to entire absence 
of residual magnetism, making it impossible for the machine to 
build up. This may be remedied by exciting the field from an 
outside source, eithor another machine or a battery. It is however 
more likely to be due to some bad connection, such as would be 
produced by getting varnish under a terminal washer or by a loose 
wire. Sometimes the terminals of the field coils are reversed so 
that they oppose each other, or perhaps the brushes do not make 
suflSciently good contact. A shunt machine will not build up if 
its terminals are short circuited. 

Burn-outs in the armature are sometimes produced by 
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lire heating resulting {ntm overload. A short circuit will verv 
often throw the helt or stop the engine so quickly that there is 
:irit tiiiif; for tiie armature conductora to melt. Conttnoed over- 
IcmuIm not ^reat t-nrmgh to thrrtw the helt may char the insulation 
until two roniliK-tor.t lying Hide 6y side and differing from each. 
•'>tlit;r in pfitential, comt- into coiitai.t. Vibration due to a badiv 
!ialatu;i-d aniiaturo or to an insecure foundation may produce the 
itiinx; tronMc by omtsing abra-sloii of the insulation on the conduc- 
UtTA, art tbat they touch eatli other or are both touching the iron 
core. IHrt \>ttt\\fMi two adja':ent commutator bars, due to the 
colloction of copinT and carl>on dust, may short circuit the coil 
havin(j tcrminal.s in the.se l»ara sufficiently to cause it to bum out. 
Som«tim(;» the wnjintrting pieces between the armature coils and 
the commutator segments become broken which unbalances the 




Ki(;. :i7. I>i:i!:;raiii of Commotions nf ii Com|iouinl-Wimnd Dynamo. 
iiiiitun: i-liTlrii'ally, and causes sparking at the dead commutator 
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pose of regulating the field strength and hence the voltage of the 
machine. By moving the ann of the rheostat, more or less resist- 
ance is inserted or cut out from the circuit and therefore the cui> 
rent in the field coils is varied. 

In most stations supplying electrical energy it is not desirable 
to have a single machine capable of taking the whole load of the 
station, for at low loads the efficiency would be small. It is there- 
fore desirable to have several smaller machines, so that as the 
load of the station increjises they can be successively added, and 
so always operated at full load when they are most efficient. The 
several machines are then connected in parallel between the bus 
bars from which the external circuits lead. 

With shunt machines no trouble is experienced when several 
are running in parallel. Care must he taken before connecting a 
new machine to the circuit that it is built up to the same voltage 
as that caiTied on the bus bars, for if it is lower the higher voltage 
will send a current to the machine of lower voltage and drive it as 
a motor. 

With series or compound machines the case is somewhat dif- 
ferent. A conductor called an equalizer must connect together all 
the brushes from which the series coils start. Otherwise any 
tendency in one machine to raise its potential above that of the 
others would cause increased potential at the brushes and hence 
an increased current through the shunt coils, which would still 
further raise the potential ; and if the potential became high enough 
it would reverse all the other machines on the circuit. This 
action is entirely obviated by the use of the equalizer, for if the 
potential of any machine should tend to rise it would drive some 
of its current»across the equalizer connection and through the series 
coils of the other machines thus raising their potential with its 
own. Machines diffeiing widely in size can be run togeth'^r in 
this way if all are wound for the same potential. 

TESTING. 

When machinery has been installed it is customary to subject 
it to certain tests to determine whether or not it fulfills all the require- 
ments. No test can be applied to determine the life of the machine. 
The life depends upon the general design, material of which i t Ls made. 



117 



DIRECT CURRENT DYNAMOS. 



■HI 


iM-h'. 


W 


im 


yp|4 


km 


|||;j:: 




p Wfffi^ 


f ^p^ + -r^ r 


ttg: :::: 


::: ::::::::: :;:::J;i 




t^ 


n 


:::: ::::::::: :::::::|_ 


p 


t-h- + I--- 


[ 1 iT' njft 


itiw 




'm 


"%i 


-^ 


r S 


^■^:::ii 


?Trf4r 


|i-#i--i 


']' f 1 ! ^iH 


tiSi;i4^:;. 


h^M 


l4i''i|l Jdllinw"^ 




ijajfe^ 


t^r 


filliM 


liaBtlTr 




^SSig 


S^ffi i;;3ii 



DIRECT CURRENT DYNAMOS. 61 



care used in its construction, and the care it receives during its 
operation. Only previous experience with similar machinery is of 
any value as a guide in this respect. 

With proper care and good mater»«»l8 the only defect that is 
likely to shorten the life of the dynamo is overheating. It is 
customary to specify that a machine shall be so designed that it 
may run continuously at full load with a rise of temperature 
in the armature conductora not exceeding 40° C. above the sur- 
rounding air. The commutator may be allowed to reach a slightly 
higher temperature, say 6° or 10° greater. The effect of over- 
heating is to gi-adually char and weaken the insulation. This test 
is easily made after the dynamo hjis been in oijenition for a few 
hours at full load by placing thermometers in the annature wind- 
ings at the back and front where the windings arc accessible and 
allowing them to remain there about ten minutes covered with 
waste. In general the above requirement is well within the limits 
of safety. Fig. 38 is a curve of the rise in temperature of an 
armature when in operation. 

In electric light supply it is very essential that the voltage at 
the lamps should remain at its proper value. If it is too high the 
lamps will be unpleasantly bright and their life will be much 
shortened ; if too low the lamps will burn too dimly. If short, 
quick variations occur, even though very small the effect will be 
noticed in the lamps as flickering. Hence, it is desirable that the 
engine driving the dynamo should regulate its speed with extreme 
closeness. Flickering is avoided by the use of a sufficiently heavy 
fly-wheel, whose proportion will depend on the speed, point of 
cut off, and length of stroke. It is usual to specify that the 
variation in speed of the combination of engine and dynamo from 
no load to full load shall not exceed 3%, and the change in speed 
during each stroke of the engine must not exceed one per cent so 
that flickering in the lamps will not be noticeable. 

A characteristic cui*ve should always be taken as well as a 
speed curve, and if the machine is over-compounded to keep the 
voltage constant at some particular point on the feeder system, a 
curve for this point should be constructed by subtracting the volts 
lost in the mains from the external characteristic curve. 

Multipolar machines can be built to run sparklessly under sud- 
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den variations in load as great as from no load to full load, and tests 

should be made by repeatedly throwing on and oflf certain propor 

tions of the load, and noting the amount of sparking. It is need 

less to say that under a steady load the machine should run spark- 

lessly. In many machines the position of the brushes depends 

somewhat on the load and requires shifting with the load. 

If an insulation resistance test is made, it should be done 

when the machine is hot, and a source of electrical energy at con- 
siderably higher voltage than that for which the machine is built 
should be used, generally from 5 to 10 times as great. One pole 
is applied to the iron core and the other to the armature winding ; 
if the insulation resists this test, no puncture being formed, it is 

without doubt free from any defect. 

The eflBciency of any machine is expressed by the ratio of the 

energy that it gives out, or output, to that which is supplied to 
the machine or input. This I'atio multiplied by 100 gives the 
percentage efficiency. If the efficiency of a dynamo is 85 %, 
then 83 % of the mechanical energ}*^ supplied to the machine at 
the pulley, will reappear as available electrical energy at the termi- 
nals, while 15% is lost. The losses are both mechanical and 
electrical. The mechanical losses are simply the result of friction 
in the bearings and brushes besides air friction due to the revolving 
armature. The electrical losses are due to the resistance of the 
armature and fields, being equal to the cquare of the current mul- 
tiplied by the resistance. There are also additional electrical 
'osses from eddy currents and hysteresis. 

To determine the total or commercial efficiency there are 
several methods, mechanical and electrical, in use. If the machine 
is run from a belt and shaft a dynamometer can be used. There 
are many different forms of these machines in existence, the prin- 
ciple underlying them being to pass the pull of the driving power 
through some form of spring which is bent proportionately, the 
amount of the force exerted being indicated by a pointer on a 
scale which can be graduated to read in pounds pull. Knowing 
the pull applied at the circumference of the dynamo pulley, its 
radius, and the number of revolutions per minute, the hoise-power 

supplied to the dynamo is found by the formula 

HP _2 7r 71 F r 

88.000^ 
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wbere n is i}.^ n-z^ihcT cf rerolmiDBs per minute. F the pull in 
yj'zrtL^ aZ ilr circ-iinferri^ce. &z:d r the ndxos of the pollev in 
feet. 

Knca-lnr "i-r :.:rso-Tcw?r s^ipr^ied and the horse-power taken 
out as si "-in : ■- -j.r :r:Ja:-i of ie current times ilie terminal 
Toli^s:?? c>'.i^i ' T 74*?- :le conomrrjiAl efficiener of the machine 
in ler ct^:,: is ■"c-ii.'rl bj muliiplying the ratio of the Litter 
ifesuli :o ::.e f'^rz-tr It !•». 

T:,^ *-^:lrn.y i? of eoTirse verr mnch lower at light loads 
thi&i; a: fill l^i :-rc;a*i.s-r friition is praoiicaLy a constant quan- 
tity for a nijcj.ir.e rir.Kir.g it eo::^tant speed, so that the energy 
consuuie-i ": y :: t^^irs a maeh greaier proportion to the input at 
low loa^ls iL.-.n J.Z bi^L. 

An »-£::»rr*-:v curre of a Crocker-^\Tieeler direct connected 
mulcip^/lar '2*j*j K. W. machine for lighting purposes is shown in 
Fig. 39. 

It 15 r.ot iilwavs r-^ssibie to uso a uvnamometer.as for instance 
in t:.<: ca.>f:: of a d:r€«.c c-onrieciod machine. Under these circum- 
stano'r^ th-- :xr5t m-^rtiio*.! is i*^ drive tLe d\-namo as a motor with no 
hiHiL ar.d T.-'tr- t':.e current require*.! to just keep the machine mov- 
ing at LoiTiiA spv^-d. This current multiplied by the Toltsige at 
th** trrrnlriils eives tiie wasted T-«^\ver. The losses at full load 
are irreat' r .sir*.- tLe curreiit is greater, and the I^ R lo^es then 
have a Ici:ger value. 

With -li:- ■ : :Ti:r' :.t ir.aehinerv it is sometimes convenient to 
tak*: :i;«ii ai' : « .:'!- <•:: tlie steam enirine from which the steam 
pov.<:r <]••.' i ril . ;t:. ] -• f,iio;iiared. and at the same time to note 
t:." '^■•'•';::i ::1 o itpi:: at tLo sw:r».]Ax'anL the ratio of the two giv- 
irj;r ti..: •■::.c;' :.•■;/ of iIil- combination. This pi-ocedure is only 
j^'rri.i--i:.i»r \\]r :. tho load is «|r.;to steady; any attempt to do tliis 
on ji i.i.l'.v.iy ;_'• n'-i;iti»r 1:1 survioe is out of the question, because 
fiw'iti'^ to til'.- liV ^vh•■rl siuLlea chanires of load are not felt simul- 
l.iri«:oii.-^ly in tlie engine and «iynamo. A momentar)" drop of 30 % or 
V)'/. in tli't «'l'<tri»iil LkuI would i»ri»bably not reduce the indicated 
ljor.v'-pow»T in ilie engine at all for a short space of time; the 
powr.T thus li'ofratod wuuld go into speeiling up the fly wheel 

1 he })(\st mr-ihod for obtaining a steady load on a dynamo is 
to [»ass the current through a water resistance or rheostat consist- 
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ing of a wooden tank filled with water in which hang two iron 
plates. The terminals of the dynamo are connected with the iron 
plates, and the resistance and consequently the load is varied as 
desired by bringing the plates closer together or moving them 
farther apart. An arrangement which answers the purpose very 
well can be made from an ordinary barrel with 4 positive plates 
and 4 negative plates 12*' x 2V and ^^^ thick, held apart by 
narrow boards 1" thick placed between them. These boards should 
be made longer than the plates, so that they can be nailed together 
above and below. Ordinary furnace grates will also do very well. 
Regulation can be secured by suspending the plates by some 
means above the barrel. They may then be lowered into the 
barrel to any desired depth. A cold-water supply should be fur- 
nished at the bottom of the barrel and an overflow pipe at the 
top. In this way the water can be carried away as fast as it is 
heated by the passage of the current. This apparatus will take 
care of 100 amperes at 550 volts. By adding a handful of salt 
to the water its capacity can bo increased to 300 and even 400 
amperes, but at such high values the ebullition is likely to become 
80 great as to be unmanageable. 

DYNAMO FORMULAS. 

The complete analysis of tlie dynamo would l)e out of place 
here, but several important formulas will be develo[)ed to indicate 
the method. 

For the shunt dtjnanio the analysis is as follows: 

Let /' = total current in armature; 

/gjj = current flowing in shunt coils; 

/ = useful current flowinir in outside circuit: 

E* = total E. M. F. generated in armature; 

E = potential of dynamo, both for shunt coil and 

outside circuit; 
r^ = resistance of armature; 
7*5^ =^ resistance of shunt Held coils; 
It = resistance of outside or useful circuit; 
'^^ = electrical etliciency. 
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'^i^'Ase the y>int resistance of the shunt and oatnde cirenitb (see 
-*^:t>.ri on the El«rrur C^rr^nt^) Is equal to the product of the 
two divide V,v :le >um of use two. 

The relation c^n be expressed in still another war, since 

J^ = /and i- = !j1 from which r=J^ \l +—\ 

E, JU '^'-'i^ r^i ^re often kn?wn quantities from which T and 
/;' ::.-.v V>i :o.:.d bv the aid of these r^latiooa. The value of the 
.-.v:: .» current in the outside circuit is 

ar:d the value of the current in the shunt circuit ii 

The value of the total E. M. F. generated by the dynamo is 

r = E^r r^ 

from which it may be seen by inspection that the lost volts in 
tli<j a"m;tture E' — E^ increase directlv with 7*. If J?' and r^ are 
con.- id- red as reniaininsj c« distant, then an incre;we in F incre;ides 
ZV, aLov and E must bec4)me less. It E is decreased and B* is 
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constant then their difference which is equal to the lost volts in 
the armature must increase. 

As /' = / -|- irfi* ^^ hB,ye by multiplying by r^ and substi- 
tuting for I^r^ its value JS' — JS^ 

^' = ir+ Jr. + /.^r.=jr+ 4 '■'+ — '•• 

The electrical efficiency of the dynamo is equal to the value 
of the useful energy divided by the total energy developed in the 
armature, the total energy itself being equal to the useful energy 
plus the energy lost in the armature, plus the energy lost in the 
field coils. Therefore the electrical efficiency is 

^ EI ^ ^A_ 

Asr= IX ^"^^'^^ and /,„ = — we obtain 



V. 



^8h ^8h 

P R 



72 R 



v.— 






R^ 



1 4- 2 -• + -• + (^^ "^ ^'h) -B 

^8h ^ ^^ih 



By a mathematical analysis it can be proven that the value of ri^ is 
a maximum when 



R « r.^ y/ 



This equation shows what the resistance of the outside circuit of a 
dynamo should be, knowing the shunt and armature resistances, 
in order to have the machine carry the proper load for maximum 
electrical efficienoy. 
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Replacing R by its value in tenns of r^ and r^ we have the 
cermB 

and !j^ = -!» i/^5^ _■ V^>(^>+^«h) 

The equation of the maximum efficiency of a shunt dynamo 
becomes 

1 

^e.Maz. — — - — ^ 

The value of the armature resistance compared with the value 
of the sliunt resistance is always so small that r^ + '^ah ™^y ^ 

written r^ij without anv appreciable error and the value of — ^ is 

HO small that it may l>e neglected, then the approximate value of 
ihe eh'ctrical efficiency of the shunt dynamo may be written in 
very simple terms and may be considered as equal to 

1 



1 + 2 v/^ 



and tlie approximate ratio of the shunt resistance to the armature 
reslstiince is expressed by the formula 

Th<* following table from Wiener gives the necessary ratios 
of tli(; resistance of the shunt field to the resistance of the arma- 
ture for various electrical efficiencies for shunt dynamos. As these 
valu<'S are not given in ohms but only as ratios they hold good for 
all shunt dynanios, large or small. It will be noted that this 
electrical efficiency may lj(i as near 100% as is desired, from a 
theoretical standpoint, but the limit is generally governed by the 
practical consideration of the cost. If the armature resistance is 
made too small, more copper is used to carry the current than is 
requires, and if the field coil resistance is made extremely high the 
wire will be very small and very expensive. 
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TABUB onrma ratio op shunt to armature rbsistancb for various 

ELECTRICAL EPFKIENCIES FOR 5HUNT DYNAHOS. 



Electrical 
EiBoiency. 


Batio of 

Shunt to 

Armature 

Resistance. 


Electrical 
Efficiency. 


Ratio of 

Shunt to 

Armature 

Resistance. 


100 X Ve 


r* 
r. 


100 X Ve 




80^ 

85 

90 

93 

95 


64 

128 

324 

706 

1,444 


96 
97 

98 
99 
99.5 


2,304 

4,182 

9,604 

39/204 

158,404 



The commercial efficiency is the ratio of the output to the 

energy supplied ; or 

. 1 ^ . useful power 
commercial emciency = — £- . 

total power 

EI 

"" EI-^- II^ r^h + ^' * r^+ stray power 

As explained in a previous article, the Btray power losses are 
made up of friction, eddy current and hysteresis losses. The 
stray power can be determined only by testing the dynamo. 

In the sertes-ivound dynamo there is but one circuit (see 
Fig. 40), and therefore but one current, I, the value of which 




Fig. 40. Diagram of Serlos-Wound Dynamo. 

depends upon the value of the totsil voltage E' and the total resist- 
ance, which is made up of r^^ r^^ and R. The series field is com- 
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For the hong Shoot Compoood-Woood Dynamo (see Fig. 
10) tlie equations may be written in a similar manner. The 
^oes ol the total coirent generated will be 

I — J? = I ^ 

The total voltage generated in the armature is 



^i>+4rS^h'-+'-> 



The electrical efficiency of the long shunt compound dynamo i« 
J8 R 



*Vf»j5 4. 2 i ^^ + ^«e j ^ ^(^a + O + J?, -f. 1 



an 
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NOTE. 



DESIQN OF DYNAMOS. 



The complete calculauons for the design of a dyiiaino are yeiy 
long and inTolv-f^. Besides calling for considerable judgment on 
the part of the desicner, they reqnire the use of a number of con- 
stants whose values mast be known from preTious experience or 
must be determined by testing the machine itself after comple- 
tion. The mcist didSoiiIt (>art of the calculation is the assignment 
of the proper values to these constants. 

In the fallowing pages are given the electrical and magnetic 
details for the design of a 50-kilowatt shimt dynamo. The 
method is t^iken from Mr. A. E. Wieners "Dvnamo Electric 
Machines," a:id the consuwts from tables in that work, to which 
the reader is referred for funher details. Though in general a 
oO-k:lowatt m.^ohine sh«.»u'.i l»e made multipolar, the bipolar type 
is here chosen. The method is better illustrated and the Ciilcula- 
tioiis are sim:>:er. For the muItij^^»olar machine the principle is 
the s;iirie. but the details differ somewhat. 

The dyn.\nio is a machine for converting mechanical into 
electrical enenrv, and mast trierefore be desisnied from the 
me.liar.ic.il point of view as well as the electrical. Armature, 
shaft, K-arincs a!.d pulley are therefore subject to the ordinary 
rule's f)r ni:iohine «lesiixn ; and exi^erience indicates that verv con- 
servative desiirn is necess;iry in the parts subject to mechanical 
stress^L-s. The foll.nvini: section, hovever, is limited to the elec- 
trical luid magnetic parts of the design. 
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Calculation of a Blpolart Single flagnetic Cir- 
cultt Smooth-Drum, High-Speed Shunt 
Dynamo. 

50 K.W. Upright Horseshoe Type. Wrought- Iron 
Cores and Yoke, Cast-iron Polepieces. 

250 Volts. 200 Amperes. 1050 Revs, per Min. 

(a) Calculation of Armature. 
1. Length of Armature Conductor. 

An electromotive force of one volt is generated by a conduc- 
tor that cuts 100,000,000 C. G. S. lines of force per second. As 
the English system of units is still the standard in this country, 
one foot will be taken as the unit length of conductor, one foot 
per second the unit linear velocity, and one magnetic line of force 
per square inch as the unit field strength. Then every foot 
(12 in.) of inductor, moving at the rate of one foot (12 in.) per 
second in a field having one magnetic line of force per squ^^re inch 
will generate an E. M. F. of 

12 X 12 X 1 ^ 144 ,^ 
100,000,000 10^ 

Ab the armature of an ordinary bipolar dynamo has two 
parallel conductors each generating the same E. M. F.; and as 
these conductors are in parallel, two feet of conductor will be used 
in generating 144 X 10-® volt or in other words each foot of the 
total length of conductors will generate only 72 X 10-® volt if 
moving at unit velocity in unit field. 

As this theoretical value of ^^ unit armature induction " 
assumes that there is a magnetic field entirely surrounding the 
armature, it will have to be modified so as to take into account the 
fact that the fringe of magnetic lines from the pole pieces only 
partially surround the armature. For a 50 K.W. bipolar dynamo 
with smooth-drum armature the polar arc (see Figure 1) may be 
taken for the present as about 124^. It is found from actual 
piaetioe that for a machine having a polar arc of about 124^, the 
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unit armature induction will not be the theoretical value of 

72 X 10-* but will be about 

^ == Gl X lO-' volts. 

The *^ specific armstture induction/' t. c.., the induction per 

unit length uf conductor moving at velocity v^, in a magnetic 

field of strength, 3c/ will be 

^' = ^ X r^ X ^C" volts. 

where e' = specific induction of active armature conductor, in volta 

per foot of conductor ; 

e = unit armature induction per pair of armature ciicuitB 

in volts per fix>t of conductor ; 

r,, = conductor-velocity, or cutting speed, in feet per second ; 

JC'^ == field density,, in magnetic lines of force per square 

inch. 

It is customan' to take the conductor velocity r^ as about 50 

feet per second for a 50 K.W. bipolar dynamo having a drum 

armature ; also to take the field density 3C' as about 22,000 if the 

machine \u\s cast iron [K)le pieces. Therefore the value of e' may 

be written, 

, _ Gl X 50 X 22,000 _ 671 

"^ ^iuo,ooo,ooo 1,000 

Knowing the specific armature induction, e\ the voltage 
mduced by one fot)t of conductor, and knowing the voltage, -F, 
that the armature is required to induce, one may easily find the 
total length of active wire, L^. of the armature. 

^'* - -? 671 

where L^ = totol length of active conductor (on whole circum- 

fei^nce opix>site pole pieces); 
E* = total E, M. F. to be generated in armature*, t. «., 
volt output plus additional volts to be allowed for 
drop due to internal resistance. 
For a djTiamo of 50 K.W. capacity it is necessary to add 
about % to the value of J?, the voltage wanted by the external 
circuit, in order to get J7^ the total E. M. F. to be generated in 
the armature. If i7is 250, IT is 106% of 250 or 265, and 

X^ = ~ — — I = 395 feet of active conductor. 
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The part of the conductor paasing over the ends of the armatore 
core is not active in cutting lines of magnetic force and so this 




SCALE r=ijr" 
Fig. 1. Mignetic Clrcnit of SaiC.W.Dynaioo. 



length of conductor will have to be increased when the dimensious 
of the iron core of the armature are known. 

2. Sectional Area of Armature Conductor, and 
Selection of Wire. 

The croBB section of wire to be chosen shoiihl he large enough 
80 as not to be unduly heatod by the current it hiia to carry. It 
is well to allow about 600 circuhu: mils of copper conductor to 1 
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Rmperf nf current, which is a cnrrent density of about 2,100 
iiiiii>ere9 per square inch of copper. Therefore to get the i 
of circular mila of copper to be provided molUply 600 by the c 
rent to be gt-iierated. There is to be famished to the uata 
circuit 200 amperes. The armature vill have to furnish thia pldi'4 
the current that goes tlkrough the shunt field. This latter Talus '■'. 
is BO small liowever tliat it may be omitted with only trifiing e 
or one may choose slightly larger wire for the arinHtura than a ' 
needed for tlie 200 amperes. The cross section of condnctor 
required therefore will be 

200 X 600 circular mils or 120,000 circular mils. 

As there are two conductors to carry this current each cott 
ditctor should hare 60,000 circular mils. By reference to the 
li. & S. wire table on page 28 it will be seen that No. 2 wire has 
a cross section of 66,371 circular mils. 

As Ko. 2 wire is too stiff to wind on the armature, howevaiv 




-^3092? 

Arinature Conductoi. 



a oahlo madi) up of seven Rtninils of Xo. 11 wire, having a coppei 
cross s...-tion of 7 X 8,284 cirnilur mils or a total of 57,638 circu- 
lar mils is u»ed. Tliis will be a little higher current density than 
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was calcniated upon at firaC but is not at all excessive. The 
diameter of No. 11 B. & S. wire is .09074 inch and a single cotton 
insulation of .007 inch is pat on each strand and the seven strands 
are covered with a double cotton insulation of .016 incli. This 
will give the cable composed of seven strands of No. 11 B. & S. 
insulated wire a diameter (see Fig. 2) of 

ff. = 3 X (.09074 inch + .007 inch ) + .016 inch 
= J0922 Inch. 

3. Diameter of Armature Core. 

If the speed ifis 1,050 revolutionsper minute or ---. — per 
second, and (T^ is the mean diameter of the armature winding in 

inches, or . i- in feet, then the cutting speed of the conductor in 

feet per second will be represented by. 



. 12 X 60 



12 X CO X 50 



: 10.91'. 



' w W ir X 1050 

It is found from actual practice tliat the ratio of the diame- 
ter of the armature, (^ to the mean diameter of the armature 




SCALI .1"= LO" 
Details of Armature. 



inding, d'^, is about .95 for drum armatures between eight and 
n inches in diameter. Therefore (sep Fig. 3) 

d^= .dSo£ 10.91 inches, or 10.36 Inches. 
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4. Leng^th of Armature Core. 

Knowing the number of conductors that can be laid on the 
surface of the armature core, and the available depth for the 
windingH, one may easily determine the number of conductors that 
can be wound on the armature ; and knowing this and the length 
of active armature conductor, the leng^ of the armature core may 
be determined. For a machine generating less than 300 volts and 
having a drum armature of the size of the one under consideration 
about 8 % of the surface of the armature core is given up to divi- 
sion strips or driving horns. 

Then n. = -^^2 X d X . 

= ;9iX 10.36 X ^ ^ 97 ^^ gg^ 
.30922 

where n^ = the number of armature wires per layer ; 

d^ = the diameter of the armature core, in inches ; 
B'g^ = the width of insulated armature conductor, in inches; 
.92 = the portion of the surface to be occupied by the 
conductors. 

For a drum armature of the size of the one under considera- 
tion the height of the windings should be about .55 of an inch 
and of this space about .06 inch will be taken up by the insula- 
tion between windings and the armature, and .05 inch by binding 
wires. This leaves a net height of about .^4 of an inch for the 
conductor. Then the number of layers of conductors will be 

where /i] = number layers of armature wire ; 

h'g^ ■— net height of winding space, in inches ; 
h'\ -— height of insulated conductor, in inches. 

By dividing the length of active armature conductor by the 
nunilxir of conductors we obtain the length of one active conduc- 
tor which is the length of tlie armature core (see Fig. 3). 

= 12 XX. ^ 1^ XJ95 _ ,„^^^^ 
ny, X n, 96 X 2 

wlu^re /. = length of armature core parallel to pole faces, in inches; 
L^ =: length of active armature conductor in feet ; 
n^ = number of wires per layer; 
Hi -.- number of layers of wire on armature. 
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5. Arrangement of Armature Windings. 

For machines under 800 volts it is customary to have from 
40 to 60 commutator segments. With this number of segments 
the voltage between two consecutive ones is low, and the pulsating 
eorrent is within a fraction of one per cent of being a steady cur- 
rent. The number of commutator divisions, n^ will be found by 
multiplying the number of wires per layer, n^ by the number of 
layers, Wj, and dividing the product by some even number that 
gives a quotient which is between 40 and 60. 

^c = ^w X ni -4- 4 = 48. 

The number of convolutions per conmiutator segment, n^^ will 
be 

= ^wX n, ^ 96 X 2 ^ 
' 2 X He 2 X 48 

since it takes two conductors to make one turn. Therefore to sum 
up we have 48 coilSt each consisting of 2 turns of a cable having 
7 No. 11 B. 6: S. wires. 

6. Total L^ngtli of Armature Conductor, Weight 
and Resistance. 

In order to connect the ends of the active conductors, turn 
the corners, etc., for this drum armature the total length of arma- 
ture conductor will need to be about 1| times the active conductor. 
Lt = 1.75 X ia = 1.75 X 396 feet = 691 feet. 

The weight of the conductor will be as follows : — A copper 
wire .001 in diameter weighs .00000303 pounds per foot of length. 
Therefore the weight of the total length of the copper in the 
armature conductor would be 

wt^ = ig X A X K^ X .000Q0303 

= 1.03 X 691 X 57638 X .00000303 = 124 pounds 
-where wt^ = weight of bare armature winding in pounds ; 

k^ = ratio between weights of the insulated wire and bare 
wire; 

Li = total length of armature conductor in feet ; 
8^2 = area of conductor in circular mils. 
The resistance of the armature ^vill be as follows : — The 
total length of armature wire 691 feet is arranged in two parallel 
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circuits 345.] feet long. These two paths are each oompoBed of 
seven Xo. 11 B. & S. wires. 

The resistance of 1,000 feet of No. 11 B. & S. wire is 1.311 
ohnis. 

Therefore the resistance of the armature is, 



^^ = Txf^T. 



345.5 



000 



X 1-311 ohms = .0324 ohm. 



7. Radial Depth of Armature Core, Minimum and 
Maximum Cross Section, and Average Mag- 
netic Density of Armature Core. 

The following formula determines the proper size for the 
necessary strength of the armature shaft where it passes through 
the iron coits of the ai'inature. 



= *« X y 



Ji 



= 1.3 X 



Y50,000 
V 1,050" 



= 3.4a inches. 




Fig. 4. 



where d^ = diameter of armatun; shaft at core 

in inches ; 
P* = capacity of macliine in watts ; 
J\r= speed, in revolutions per minute ; 
k^ =z constant depending upon capa- 
city of macliine. 

Therefore the breadth of armature cross 
section, or radial depth of armature core is 



A 1 /^ ^N 10.86 — 3.42 , ^^, ^ 
^» = -^ (a* — «c) = ^ = 3.47 inches. 

*vliere h^ = radial depth of armature core, in inches ; 
d^ = diameter of armature core, in inches ; 
d^ = diameter of core section of armature shaft. 
The maximum depth of armature core (see f'ig. 4) is. 






id,—2b,y 



= ^(^-(^^,.S.incHes. 
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The cross section of the magnetic field in the armature is 
equal to 

= 2 X 24.75 X 3.47 X .95 = |63 square inches. 
,y'^ = 2 X ^a X i'a X *2 

= 2 X 24.75 X 4.89 X .95 = 230 square inches. 

'^here J?'^i = minimum cross section of armature core, in square 

inches ; 
J^'^ z= maximum cross section of armature core, in square 
inches ; 
l^ = length of armature core, in inches ; 
b\ = radial depth of armature core, in inches ; 
jfc, = r<itio of net iron section to totiil cross section of 
armature core. 

The useful magnetic flux in the armature may Ire obtained as 
follows : The 

n •%# Til Number of C. G. S. lines cut per second 
E. M. F. =. . —. _ 

jr = ^^^^^ volte 
60 X 108 

where ^= total E. M. P. induced in armature; 

N" = number of armature revolutions per minute ; 
JV^ = total number of conductors all around pole facing sur^ 

face of armature ; 
4> = total number of useful magnetic lines, in webers 

60 X 108 X ^ 



or 4> = 



NX jv; 

60 X 10^ X 265 
"TOSO X 192 



= 7,886,905 webers. 



Therefore the density of magnetic lines per square inch at the 
minimum cross section of the armature core is 

^^ 7,886,905 ^^ ,„^ „ . , 

(S^"^ = ^^ = 48,386 lines per square mch. 

loo 

and the density at the maximum cross section is 

^^ 7,886,905 ,^ ^, „ . , 

(y^ = ' = 34,291 iines per square inch. 
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Next we wish to find the number of ampere-tums required 
to furnish this induction. The law for the magnetism in a mag- 
netic circuit is exactly similar to the law for current in an electric 
circuit. 

Electromotive Forc^ 



Current (or Electric Flux) = 



Resistance 



^if . . t;,, Maenetomotive Force 
Magnetic i<lux = ^ _ , • 

Reluctance 
Thei*efore the 

Magnetomotive Force = Magnetic Flux X Reluctance. 

As the resistance of an electric circuit can be expressed by 
the specific resistance or resistivity of the material multiplied by 
the length of circuit and divided by the cross section, so the 
reluctance of a magnetic circuit can be expressed by the specific 
reluctance or reluctivity of the material multipHed by the length 
of the circuit and divided by the cross section. Therefore the 

Reluctance = Reluctivity X -J^--. 

Area 

As the conductivity of an electric circuit is the reciprocal of 
the resistivity, so tlie permeability of a magnetic circuit is the 
reciprocal of the reluctivity. Therefore the 

■o 1 X Length 
Reluctance = ;—-° . 

rermeabuity X Area 
or 

Ti, i. i.- 17^ Magnetic Flux X Length 
Magnetomotive Force = ^ — -— - — ° . 

Permeabihty X Area 

and since the magnetic flux divided by the area is the magnetic 
density the formula is simplified by writing 

T.jr , .- 1,^ Magnetic Density X Length 
Magnetomotive l^orce = — ^ — — \ -J? . 

Permeability 

The Unit of Field Density, or the magnetic density caused by 
a unit pole, is 1 line of magnetic force per square centimeter of 
field area and is termed 1 gauss. 

A single Line of Force, or the Unit of Magnetic Flux, is that 
amount of magnetism that passes through eveiy square centi- 
meter of cross section of a magnetic field whose density is unity, 
and is termed 1 weber. 
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The unit magnetic pole, or the pole of unit strength is that 
^which repels an equal pole at unit distance with unit force. The 
lines of force are straight lines from the center of the sphei'e to 
i;he surface, there being one line to each square centimeter area 
on the surface. As the surface of a sphere having a radius of 1 
centimeter has an area of 47r square centimeters, it follows that 
iroma pole of unit strength there is a magnetic flux of 47r C. G. S. 
lines of magnetic force or 47r webers or 12.5664 webers. 

One absolute C. G. S. unit of current, which is 10 times as 
large as the ampere, or ten amperes, flowing in a wire 
which is bent into a circle of one centimeter radius gives a 
C. G. S. unit magnetic pole at the center of curvature or 12.5664 
webers. One practical unit or 1 ampere would cause one tenth as 
many webers or 1.25664 webers. 

A long solenoid having a cross section of one square centi- 
meter having 1 ampere (^^ of the C. G. S. unit current) flowing 
per unit length of coil, has poles of -^ unit strength which causes 
a magnetic flux of ^j^ X 47r webers. 

The density of the magnetic circuit is webers per square 

47r 
centimeter or —-^ gausses. 

The reluctance of unit length of the solenoid of one square 
centimeter cross section for air is unity or 1 oersted. The mag- 
netomotive force is the product of the magnetic density, tlie 
reluctance and the length, and is measured in gilberts. Therefore 
the magnetomotive force required to produce a magnetic density 

47r 
of —_ gausses in a column of air one centimeter long and having 

a cross section of one square centimeter thus having : relu^.tance 
of 1 oersted is 

M. M. F. = ^ X 1 X 1 = ^ gilberts. 

The magnetomotive force of — — gilberts being produced by 
one ampere-turn, it follows that the 

Number of Ampere-turns = _— X Number of Gilberts. 

4ir 
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The 

Magnetizing Force = Specific Magnetizing Force X Length, 
or the 

Number of Ampere-turns = Ampere-turns per unit of 
Length X Length, 

or a e =/(©'') X I 

where a t =z Ampere-turns required to magnetize a portion of a 

magnetic circuit ; 
(&" = density of the magnetic circuit per square inch ; 
f (fi^^ = Specific magnetizing force, in ampere-turns per inch 

of length for the particular material and density 
employed ; (this value of the magnetizing force 
must be taken from some table or induction curve 
as shown in Fig. 5, or found by experiment for 
the particular piece of iron to be used) ; 
I =z length of magnetic circuit of the material in inches. 

To get the number of ampere-turns required to overcome the 
reluctance of the armature it is necessary to modify the above 
formula a little, as the value of (St^ is not constant in all parts of 
the core. 



/ («'.) = 4 k ^'^""'^ '^•^ ^®"** ^ ! 



_ / (48,386)+/ (34,291) ^ 9.2 + 6.4 _ ^ j^ 



o o 



It takes as seen from Fig. 5 about 9.2 ampere-turns to mag- 
netize 1 inch of wrought iron to a density of 48,386 lines, and 6.4 
amperc-tunis to magnetize it to a density of S4,291 lines. Also 
7.8 ampere-turns correspond to a density of 41,500 lines. 

8. Energy Lx)sses in Armature, and Temperature 
Increase. 

The energy lost in the armature due to the current in the 
armature conductors is 

P.= 1.2 X Ch X ly X r^ 

= 1.2 X (1.03 X 200)2 X .0324 = 1650 watt9 



) '(> 
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60 6«» * 



One cubic f^x^t equals 2S,ol»> cubic centimeters. The mass 
of iron in the armature ia cubic feet is 

_ a\"' X IT X fca X /a X *, 



3/ = 



1,728 



(10,36 _ 3,47) X -r X 3.47 X '24.75 X >95 ^^ 09mil«AftL 

1725 * concur 
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where M = net mass of iron, in cubic feet ; 

dj" = mean diameter of armature core, in inches, 
= rf» — *», (see Fig. 4) ; 
l^ = length of armature core, in inches ; 
h^ = radial depth of armature core, in inches; 
Atj = ratio of net iron section to total iron section. 
There are 1,728 cubic inches in 1 cubic foot. Expressing 
the value of the energy lost by hysteresis in practical units we 
have, 

P^ = 10-7 X .0035 X j ^ j ' ' X 28,316 X IT^ X M. 

where P^ = energy lost by hysteresis, in watts ; 

(Ba" = density, in lines per square inch, corresponding to 
average magnetizing force required for armature 
core, (1 square inch = 6.45 square centimeters) ; 
JVj = frequency, in cycles per second ; 
M = net mass of iron in armature, in cubic feet. 
By reducing the above expression to simple form, we liave 
P^ = 5 X 10.7 X ©a^^-" X iV^i X M, 

= 5 X 10-7 X (41,500) 18 X 17 J X 1.02= 219 watts. 

Eddy Currents. 

It has been explained under Electromagnetic Induction (see 
*• Theory of Dynamo Electric Machinery") by what means 
and methods electromotive forces, and consequently electrical cur- 
rents are set up in closed conductors. It is clear that any mass of 
metal moving in a field is a closed conductor. A loop of wire may 
have cun'cnts generated in it quite as easily if it be made part of 
a metallic disc as if it were still a loop. Since the lines of force 
can only cut a solid piece of metal once, the electromotive force 
that will be generated, unlike that in a coil of many turns cut by 
the same field, will be very small. But if the piece of metal be 
large the resistance will be very small so that the current which is 
induced may reach considerable strength and cause much heating. 
This action is largely prevented from taking place in the arma- 
ture cores of dynamos by building them up of thin sheets of iron. 
The sheets are insulated from each other and are placed in such a 
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direction as to cut across the path which would be followed bj the 
induced current. This method of construction is termed lamina- 
tion, and it is necessary to build all iron or metallic parts which 
are not intended to act as conductors in this way, if they are 
likely to be subjected to fields of varying strength. This is the 
case in alternating current machinery and in the moving parts of 
direct current machinery. Sometimes even conductors,if they are 
very large, have local currents generated in them which are of 
course undesirable because they are a source of waste and heat, 
and it becomes necessary to laminate them. In this case the 
lamination would be parallel to the length of the conductor. 
Heavy conductors are usually laminated or stranded any way for 
greater ease in construction. Eddy currents are often called 
Foucault currents from Foucault who first called attention to their 
existence. 

The energy lost by eddy currents is found to be proportional 
to the square of the magnetic density, to the square of the fi-e- 
quency, and to the mass. The equation for the lost energy due 
to eddy currents is, 

P/ = e' X (Ba^ X N^^ X M\; 

whore J^J = lost energy due to eddy currents, in ergs ; 

(B^ = density of lines of force, per square centimeter of 
iron ; 

JV, = fre(iuency, in cycles per second ; 

Afj' - -- mass of iron, in cubic centimeters ; 

e' r- eddy current constiint, depending upon the thickness 

and the specific electric conductivity of the 

material ; 

^= ^ X ^2 X 7 X 10-» 

= 1.645 X 32 X 7X 10-» 

where B = thickness of sheet iron, in centimeters ; 

7 = electrical conductivity, in mhos; 

7 = 100,000 for iron. 
By changing to practical units and simplifying the above 
equation, 
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P, = 10-^ X 1.645 X (2.54 «,)" X 10"* x j ^ j ' X iV^i» 

X 28,316 X iJf = 7.22 X 10"® X Si^ X CB^"^ X N^^ X M. 

where h^ = thickness of iron laminae in armature, in fractions 

of an inch ; 
(Bi^" = density, in lines per square inch, corresponding to 
average specific magnetizing force of armature 
core; 
Ny^ = frequency in cycles per second ; 
M = mass of iron, in cubic feet. 
The terms 7.22, 10-8, g^2^ and ©^"2^ may be multiplied 
together to form the eddy current factor €, and then the formula 
for loss due to eddy currents becomes, 

P^ = €X N^^ X M 

= .0125 X (17^)^ X 1.02 = 4. watts. 
For € == .0125 when the thickness of the sheet iron discs is 
.01" and when the magnetic density is 41,500 lines. 

Tlie total energy loss in the annature is 

i^A = i^a + Ph + A = 1650 + 219 + 4 

= 1873 watts = 2.5 h. p. 

Knowing the amount of electrical energy lost in the armature 
and dissipated as heat, and knowing the dimensions and speed 
of the armature it is possible, by using certain known constants 
that have been found by experience, to calculate quite exactly 
the lise of temperature in the armature and to calculate the hot 
resistance of the copper in the armature conductors. These 
details are somewhat complicated and will not be treated. 

(6) Dimensions of flagnet Frame. 

1. Total Magnetic Flux, and Sectional Area of 
Magnet Frame. 

The total magnetic flux to be generated in a dynamo is the 
useful magnetic flux multiplied by a factor of magnetic leakage. 
Knowing the shape of the various parts of the magnetic circuit and 
the reluctance of the parts of the magnetic circuit and the sur- 
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focmdiiig air circuitB, it is poasible to determine the mmomit of 
magnetic leakage, or waste magnetism. 

4>' = X X O = 1.35 X 7,886,905 = 10,647,322 webera 
where 4>^ = total flux to be generated in dynamo, in lines of force ; 
4> = useful flux necessary to produce the required E. M. F.; 
X = factor of magnetic leakage, which for a 50 K.W. 
bipolar machine of the Edison type is found to be 
about 1.35. 
The sectional area of the magnet frame is expressed by the 
formula, 

r^ *' 10,647,322 ,,^ , ._ 

'^ - = (B-- = -90TO- =^ ''* squareinches 

where tV^ = cross section of wrouglit iron magnet core and of 

yoke, in square inches ; 
4>' = total flux, in webera ; 

(B^n, = magnetic density of magnet frame, which for wrought 
iron magnet cores and yoke is taken as 90,000 
lines per square inch. 
'Hie Pmctical Limit of Magnetization for cast iron pole pieces 
U isikcu as 50,000 lines i)er square inch. 

.,, *' 10,647,322 ^^, 

' "" = (B''. = -5o;ooo- = ^>^^"«"^ ^~">«^- 

2* Sectional Area of flagnet Frame. 

If the magnet core is in the form of a cylinder the diameter 



vJl U; 



d^ = y — X 118 = 12.25 inches. 



Vor a rtirciilar magnet core carrying about 10,000,000 lines of 
1/,ff4' i}n: moHt c<;onomi(al ratio of length to diameter of magnet 
^j,fi', fw f/iiind it) he about 1.5. Hence 

/„, .:=.- 1.5 X ^m = 18.375 inches. 

K/#r a inai:hine liaving an armature between 10 and 11 inches 
,H /Jiam«t<?r the distance, c, between magnet cores is taken as 

tf = 5| inches. 
Tftto tb« width of the wrought iron yoke a little greater thai 
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the diameter of the magnet cores so as to form a mechanical pro- 
tection to them. Let this width be 18| inches. Then the height 
of the yoke would be 

A- = -— - = 64 inches. 
^ 18| * 

The pole pieces are determined as follows : — The bore of the 
pole pieces is the sum of the diameter of the armature core, the 
winding, the insulation and binding, and the air gaps, which for a 
drum armature of this diameter is taken as about .14^. 

Diam. of bore = 10.36'^ + 4 X .30922'' + 2 X .11'' + .14*^ 

= 11.96^ 

In order to keep the comers of the pole pieces far enough 
apart so that there will not be too much leakage across, the dis- 
tance is taken from 1.25 to 8 times the length of the two air 
gaps according to the size and type of dynamo. 

^'p = *ii X (dp — tia) = 4. X (11.8G — 10..3G) = G.OO 
inches, 
where V^ = distance between pole corners, in inches ; 
dp = diameter of bore of pole pieces, in inches ; 
d. = diameter of iron core of armature, in inches ; 
ill = 4. for drum armature of a 50 K.W. bipolar dynamo. 
Let the length of the pole pieces equal the length of iron 
core in armature, or 

?p = 24f ^ 

Let the height of pole pieces equal the diameter of l)ore approx. 

Ap = 12^ 

The thickness at the center which carries only half the lines 
will be 

^^^ = 4.3 + or4r. 
2 X 24| ^ ^ 

In order to provide a non-magnetic base through which the 
magnetic lines will not leak from pole to pole a block of zinc about 
6 inches thick should be placed under the dynamo. 



If^ 



M DIRECT CCnSXSr DTKAHOS. 

(c) Calculation off Magnetizing Forces. 
1. Air Qaps. 

The length of the two air gaps is 
7', = *^ X < </p — O = 1* X 1^' = 2.1' 
where l'^ = length of path of magnetic lines across the two air 

gaps; 
<fp = diameter of bore of pole pieces, in inches ; 
d^ =. diameter of iron core of armature* in inches ; 
i^ = constant depending on the path of the lines of force 
through the air gap. The lines of force pass through the gaps 
obliquely owing to the distortion of the magnetic field and the 
constant, ti^ grows greater as the velocity of the conductor, r<^ 
and the density, JC» are greater. If the product of r^ and 3C is 
above 2,000,000 the value of ir„ is taken as 1.4. 

The cross section of the magnetic field of the air gap is repre- 
sented by, 

St = d,X -^ X /S'l X /f 

= 11.11" X -^ X .84 X 24| = 868 square inches 

where Sf = the area occupied by the effective conductors, in square 

inches ; 
df -= mean diameter of magnetic field in inches ; 

If = breadth of magnetic field, in inches ; 
yS'i = ratio of effective field circumference, depending upon 
the percentage of polar embrace, here taken as .84. 
The actual field density in air gaps is found by dividing the 
value of the total useful flux in webers, bv the area of the 
magnetic field of air gap. 

^„ 4> 7,886,905 ^i -o- r • i 

3C = ---- =: --.- = -l,<-< hues per square inch. 

Of 3b 3 

The number of ampere-turns required to produce this mag- 
netic density in the air gaps is, 

a «, = 1^ X X" X i-.V = .3133 X X'' X /% 
47r 2.d4 * 

= .8133 X 21 J27 X 2.1 = 14,295 ampere-turns. 
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2. Armature Core. 

The average lengtih of the magnetic paths in the armature it 
(see Fig. 6). 

I'm = d\ X-tX ^T^"*" ** + «. 

860° 

= 6.89' XirX ^ i^^ + 3.47' = 10.57 Inches. 

where l"^ =. length of magnetic path in armature core, in inches; 
d^"^ = mean diameter of armature core, in inches ; 
bf^ = radial depth of armature core, in inches ; 
a = half angle between adjacent pole comers. 




Fig. 6. Magnetic Details of Armatore Core. 

As previously determined the minimum cross section of the 
armature core is, 

aS^^^i = 163 square inches, 
and the maximum cross section is 

3^2% = 230 square inches. 

The average specific magnetizing force to magnetize the arma- 
ture core to the required density will be 
^^^,^^ ^ / (48,386)+/ (34.291) ^ ^ g ^^^^,^^ 
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The total magnetizing force required to magnetize the arma- 
ture is 
at^^ 10.57 X 7.8 = 82 ampere-turns. 

3. Wrought Iron Field Cores and Yoke. 

The length of the magnetic path through the wrought iron 
cores and the yoke will be (see Fig. 1), 
r^.,. = 2 X 18| + 6| + 18 = 61 inches, (approx.) 

The density of the field has already been decided upon as 
90,000 lines per square inch. It has been determined by experi- 
ment that a specific density of 90,000 lines in wrought iron is 
produceil by 50.7 ampere turns. 

The total length of magnetic circuit through field cores and 
yoke will require 
a f^.i. = 61 X 50.7 = 3093 ampere-turns. 

4. Cast Iron Pole Pieces. 

The average length of the magnetic path through the pole 
pieces may be taken as the average of the longest path and the 
shortest })uth. In the present case it is about 
f^i^ =15 inches. 
The minimum cross section at the center of the pole piece 
which earrit^s only half the lines has already been taken as 

/Sc.i.i = 100.5 square inches 
which cori'csjwncls to a density of 

(B^^.i. = 50,000 lines per square inch. 
The maximum cross section of the magnetic circuit in pole 
pieces is the area of the pole face and is 

124 
360 
which corresponds to a minimum 4^nsity of 

(B% , 2 = I:^?!?^ = 24802 magnetic lines. 

o lo 

The average specific magnetizing force will be 

/(a'c.) = I [/(oO,0(»0) +/ (24,802)] = ^^^ + ^^'^ 

= 99.3 ampere-turoA^ 
which corresponds to average density of 42,175 lines. 



*^c.i.2 = 11-86 X TT X l^ X 24.75 = 318 square inches, 
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Then the total number of ampere-turns required to magnet- 
ize pole pieces is 

a ^ca. = 15 X 99.3 == 1490 ampere turns. 

5. Armature Reactions. 

The demagnetizing and cross-magnetizing effects caused by 
the ampere-turns of the armature oppose the magnetizing effect 
of the field coils and have to be overcome by adding more amjxjre- 
tums to those required to overcome the reluctance of the circuit. 

The number of ampere-turns required to balance the arma- 
ture reaction is, 

at,- fc,^ X 2— X — 180O— 

... .^ 90 X 200 ^ 28 _^^ 
= 1.11 X ^ X =2554 ampere-turns 

where a t, = ampere-turns required to compensate for armature 

reactions ; 

i J ^ = being a constant depending upon the magnetic den- 
sity in pole pieces ; 

JV^ = total number of turns on armature ; 

T = total armature current in amperes; 

2 = number of armature circuits for current ; 

ijg X a = angle of brush lead, which is nearly equal to half 

the angle between two pole corners, for smooth 
drum armatures. 

The total number of ampere-turns required on field coils of 
dynamo will be the sum of all the ampere-turns required for the 
various parts of the circuit. 

AT = at^ -f at^ + at^,^ + a^ex + «*r 

= 14,295 + 82 + 8093 -f 1490 + 2554 
V 21 »514 ampere-turns. 

(d) Calculation of Magnet Winding. 

The shunt winding should be calculated for a temperature 
oicrease of about 15^0 above the normal temperature. (If desired 
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tbe shunt coil idat be calcalated so as to give a higher voltage to 
the dynamo which can be decreased by a regulating resistance in 
series witii the shunt coil. As this calculation is not required in 
order to show the electromagnetic theory of the dynamo it will not 
be discusscil here. It requires a recalculation of the magnetic flux 
for the various parts of the magnetic circuit and a recalculation of 
the corresponding ampere-turns.) 

I. ilagnet Winding. 

The mean length of one turn of wire on the field core is 
/, = *j. X rf„ - 3.66 X 12»' = 44.8' 

where A: I . = a constant, depending upon the size of the field 

core, giving the ratio of the length of a mean, 
turn to the core diameter. 

The sjiecifio length of magnet shunt wire in feet per ohm is^ 
given by the formula. 



L 



sh 



''sh 



^T ^ ^ 



X 



^ X (1 + .004 X <^„) 



= ^'j^^i X ^ X (1 + .004 X 15) 
'2o0 12 ^ 

= 340.5 feet per ohm. 
No. 15 B «S: S has 315 feet per ohm. 
No. 14 B «S: S has 397 feet j^er ohm. 
Use alKMit No. 14 B vV: S wire. 
The height of the winding space is given by the formula 

A« = il- — rf„ = tLi _ 12.25 = 2 inches. 

IT IT 

The radiating surface of the magnet coils will be 
fi^ = CI 2.25 + 2 X 2) IT X 2 (18.375) = 1877 square inches 
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The energy abeorbed in the magnet winding may be 
pressed by the formula, 



ex- 



= -^ X 1877 = 375 watts. 
75 

where P.^ = watts absorbed in field winding ; 

0^ z= rise of temperature in magnets, in degrees Centi- 
grade ; 

S^ = radiating surface of magnet coils. 

^.h =^ or I,^E=P,^. 

Therefore the number of shunt turns may l)e found by 
AT ATx E 



iVLK = 



Bh 



21514 X 250 ,^ ,^, . ^^ 
= -^ — 149343 shunt turns. 

The length of the shunt winding is 

J _ 14,848 X 44.8 _ ._ _ . . 
Ah = ^o == 53,547 feet. 

The resistance of the shunt wire will be 
r.h = ^^ = 157 ohms, at 15.5^ 0. 

The warm resistance at 30.5° C is 

r,h = 157 X (1 + .004 X 15) = 166 ohms. 
The shunt current at full load is 

7 250 

/.h = jgg = 1*5 amperes. 

If desired it is a simple matter to get the weight of the wire 
used. 
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(e) Calculation of Effidency. 

The electrical efliciency of the dynamo is the ratio of the 
available energy to the available energy plus the energy lost 
due to armature resistance plus that due to field coil resistance. 

^ P 

250 X 200 



250 X 200 + 1.06 X 201.5« X .0324 + 1.6a X 166 
= .96 or 96^ electrical efficiency. 

The commercial efficiency is the ratio of the output, to tlie 
sum of the output, wire h>ss in armature, wire loss in field, hysteresis 
loss, eddy current loss, and friction loss (which we will assume as 
2/)00 wattij). 

P_ 

50,000 

50,000 + 1,394 + 374 + 219 + 4 + 2,500 
=: .917 or 91.7^, commerciai efficiency. 
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WIRE TABLE. INSULATED WIRE. 
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TYPES OF DYNAMO-ELECTRIC 
MACHINERY: (Direct Current.) 

We will now consider the general charactc^ristics of the 
various types and the methods and materials of construction of 
dynamo-electric machinery. 

Within the last ten years dynamo-electric machines have 
been very extensively introduced, and great improvements liave 
been made in their construction. In former yeai-s the generator 
was often poorly built; its mechanical faults considerably de- 
creased its usefulness, and led to frequent repairs. High grade 
generators such as are now manufactured are much stronger 
mechanically, simpler in construction, more reliable in opemtion 
and more durable. An important advance is the considei-able re- 
duction in electrical and frictional losses. This reduction gives 
both increased efficiency, and less danger of overheating. 

In recent years the special design of electric machinery for 
particular classes of work has become a highly important feature 
of electrical engineering, owing to the many novel applications 
for which this class of machinery is now used. 

The following pages contain numerous modern types of elec- 
tric machinery, examples being chosen from actual practice to 
illustrate the most modern usage. 

CONSTANT CURRENT AND CONSTANT POTENTIAL 

GENERATORS. 

Direct cuiTent generatoi*s may be divided into two types: 
those furnishing a variable current at a fixed voltiige or potential ; 
and those giving a constiint current, the potential in this case be- 
ing made to vary with the requirements of the load. 

By far the greater number of the modern genemtors are of 
the constant potential type. These are used in practically all 
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power and incande»cent lighting circuits. The constant current 
type is devoted mostly to arc lighting. It should be noted 
however that in many instances arc lights are now run from the 
cr>nHtant |K>tential system. 

nETH0D5 OP DRIVING QENERATOkS. 

We may distinguish the following principal methods of 
driving generators. These methods are used according to local 
requirements. 

Direct Steam or Qas Engine Driven — (Including the '^En- 
gine Ty()e " ) ; 

Indirect Steam or Qas Engine Driven — (Belt, Wire and 
Ilo[K3 Driving) ; 

Water-Turbine Driven; 

Steam-Turbine Driven. 

Direct Steam or Qas Engine Driven Qenerators. Gener- 
ators of largij size used in connection with steam or gas engines 
are now commonly driven directly from the engine shaft. That 
is to say, the engine shaft is extended out to one side of the 
engine, and is provided with an extra bearing. Onto the ex- 
t(Mid(^(l shaft the revolving part (usually the armature) of the 
g(?iuMator is keyed.* Often the shaft is slightly tjipered, and 
tli(^ arniatnn^ is driven onto it by screw jacks, under great pressure. 
Sonu^ niannfactnrers bolt the revolving part of the generator 
directly to the tly-whoel. 

A gentMiitor having its revolving part carried by the en- 
gim^ shaft is usually spoken of as an ••engine type" generator. 
Siuh a generator has no shaft of its own and no bearings, both 
shaft and bearin<:fs being provided by the engine maker. Other 
direet-driven generatoi^s have both shaft and l)earings, the shaft 
carrying a coupling llange which is bolted directly to a similar 
Ihngo on the engine shaft. A fly-wheel is usually provided, since 

•Note. — In direct current generators it is in nearly aU cases the 
armature that revolves. In some aUernating current generators the arma- 
ture revolves ( inside of a stationary field \ while in other types of this class 
the armature is stationary, and the field magnets are made to revolve 
Whichever it is that revolves, armature or field, it is evident that the esseD 
tiui i)rocess, the ** cutting of lines of force," is the same. 
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the rotating part of the generator is not sufficiently massive to 
give steadiness of running. 

An important advantage possessed by the direct connected 
generator is the small floor space required. In belt driving it is 
customary to place the generator at a considerable distance from 
the engine, and the intermediate floor space is usually not available 
for other purposes. 

Indirect Steam or Qas Ensine Driven Generators. In the 
indirect methods of driving, ( including the belt, wire and rope 
systems), generators are run at a gi-eat variety of speeds by 
various kinds of belt, rope and wire driving gear. Small genera- 
tors are ordinarily driven by one or the other of these indirect 
methods, several generators being commonly connected to one 
engine. Generators of from 10 to 50 K. W. capacity usually 
carry a small metal, wooden or composition pulley which over- 
hangs the main bearings. If the generator is of larger size a 
third or " outboard " bearing is provided to relieve the bending 
strain caused by the belt pull. 

Water-Turbine Driven Generators. The recent develop- 
ment of water-power in diflferent parts of the country has given 
rise to the third type or water-turbine driven generators. These 
machines are of a very diflferent design from those driven by 
steam engines. Engine driven generators ordinarily have a 
horizontal shaft, whereas the turbine, being usually at the bottom 
of a vertical tunnel, requires a vertical shaft, onto which the re- 
volving part of the generator is directly bolted or keyed. The 
generator is thus, as it were, turned on its side, and an entirely 
diflferent system of stresses has to be provided for. Such genera- 
tors are usually of large size, ranging from 100 to 3000 K. W. 
Even larger sizes are occasionally constructed. This fact is due 
to the use of water wheels or turbines of great size, the division 
of the water-power among a number of small turbines being un- 
satisfactory. Such generators are almost invariably direct driven 
from the turbine shaft. 

Steam-Turbine Driven Generators. The next main divis- 
ion of generator-driving systems comprises the steam-turbine 
driven generator. This system is comparatively new, having been 
developed within the last few years in England and America, 
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mainly since the invention of the Parsons Steam Turbine. Gen- 
erdtora so driven, show still further variation from the usual t^pes. 
The steam-tui'bine rotiites at vety high speeds and it is not prac- 
ticable to use belting; with it. The system of direct driving is 
therefoi-e employed, the revolving part of the generator being 
bolted or keyed to the shaft of the turbine. Owing to the eaor- ■ 
nious speed iit which the turbine revolves (sometimes severs 
thousand revolutions per minute) the design of the generator iq 
greatly modified. The voltage of a generator depends upon thn 
factors : the speed of i-evolution, the magnetic flux, and the nuiQ 
ber of turns in series oti the armature. The speod in 
[mrticiiliir case being so excessive, the armature is mode relativi 
small and the field is of the simple bipolar type 



5TEAM AND QAS BNOINE DRIVEN QENBRATORS. 

Direct- and Belt-Driven Qenerators. It is impossible to £ 
any limit between the sizes of generators which are lieltrdrivaj 
and those which are directdriven. As a general thing, generate 
of less tlinii 200 K. W. capacity are driven by belting, while nearl^ 
all of 600 K. \V. and over are driven direct from the engine sliaffc 
hetween tlicse limits of 200 and 500 K. W., both belt and diieefe-~ 
drivon tv[>cs are pxteiisively in use. As a general rule however 
dosigiiprs now ]iritfei' t1ii> direct-driven types for all except the 
veiy smallest sizi's. 

It is also impossible to fix any general limits of generator 
specit. The stinidiird types of stiitionaiy engines of large sizes 
are, gem-rally speaking, slow-speed. From 275 revolutions per 
minute, in the moderate size engines, the speed decreases as the 
size of tlie engine increases. Seventy-five or 80 R. P. M, is the 
usual s[>eeil of tlic l:irge central station engines. 

Since the spi-od is fixed by tlie requirements of steam engine 
design, the direct^lriven generator is designed to meet tliese con- 
ditions. Su<'h machines have from 6 to 28 poles, the number of 
l>olos incn'asin<; with the size of tlie generator. The revolving 
armature is made quite nari-ow, but of great radial depth, the 
diameter in the l.ii-ge sizes being sometimes 30 feet. Such an 
armature differs very strikingly from the compact armatures of 
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Hmall diameter used in the older belt-driyen, high-speed genera- 
tors. 

The change from beltrdriven to direct-driven generators has 
been very gradual. In 1893 several of the larger companies had 
constructed direct-driven generators of large size, and this date 
may be fixed as about the beginning of the present era of direct- 
driven generators. 

Advantages of Direct-Driven Qenerator. In all applica- 
tions of very large generators, where it is possible to do so, it is 
better to install one of the direct-driven types, as even the best 
system of belting is unsatisfactory for transmitting great power. 
Moreover, the introduction of shafting, counter shafting and belt, 
rope or wire driving, causes losses by friction, which are some- 
times excessive when large generators have to be driven. These 
losses are avoided by the use of direct-driven generators. Also 
high-speed belt-driven generators necessarily have armatures of 
small diameter, since larger diameters would not be suitable for 
driving at very high rates of revolution. Armatures of small 
diameter, however, in which the windings are compactly placed, 
are very imperfectly ventilated, and often give a great deal of 
trouble by overheating. Faulty insulation and poor efficiency 
are the result. 

The direct-driven generator, on the other hand, operating at 
slow speed, has an armature of much larger diameter, so that the 
windings are spread out over a much greater surface. This gives 
facilities for practically perfect ventilation. As a rule the direct- 
driven genemtors keep cool much better than the belt-driven type, 
and will stand far greater overloads. 

Another point of great importance in determining the type 
of generator to be installed is the ease with which repairs can be 
made. 

In the older belt-driven armatures the coils ai'C compactly 
wound and bound about by insulation ; the bummg out of a coil 
usually makes it necessary to take the armature to pieces for re- 
pairs. In the modem direct-driven armature the coils are 
spread out over a large surface, and are well separated from each 
other. Repairs are, therefore, made with the utmost facility. 
Any individual coil may be separately removed. Such repairs, 
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owing to the perfect ventilation of the armature, ai-e rarely 
needed. An armature of this type will take severe over- 
loads without permanent injury. Ordinarily however such ma- 
chines are more expensive to install than the belt-driven types. 
There are indeed some cases in which the belt-driven generator 
is to be preferred — particularly in the smaller sizes, on account 
of the smaller first cost, and the ease with which it may be 
adapted to engines already in use. 

The leading manufacturers are now making belt-driven mod- 
erate-speed generators (500 R. P. M. for example), in which some 
of the impoi-tant features of the direct-driven tjrpe are pi'eserved. 
These machines have fairly large, well ventilated armatui*es, and 
will take quite heavy overloads. They are rapidly supplanting 
the old generatoi-s with small, close-wound and un ventilated arma^ 
lures. In general, therefore, it may be said that present practice 
(1903) is, in large power plants, to use direct-driven slow-speed 
generators, and in smaller installations to use belt-driven genera- 
tors. These belt-driven generators, as far as possible, embody the 
best features of the direct-driven type. 

It should liowever ]>e noted that the steam-turbine drivea 
generator, now slowly coming into use, completely reverses the 
usual tendency toward slow-speed armatures of large diameters. 
The steam-turbine speeds range from 1200 to 3500 R. P. M., and 
the use of direct current generatora, rotating at such speeds, is 
open to question. Commubitioii would be very difficult, and 
ventilation of complicated armature windings would be almost 
impossible. Generatoi"s driven by the steam-turbine are, as a 
rule, of the alternating current type and do not therefore come 
under this part of the subject. Alternating current machines 
are considered separately. 

WATER-DRIVEN GENERATORS. 

Reference has already been made to the general considera- 
tions governing water-driven generatoi^s. Such generators usually 
belong to the alternating cuirent class, although the direct cur- 
rent system is entirely practicable. The reason for generally 
using the alternating current system in this connection is as fol- 
lows. As a rule, the water-power is not located near manufactuf 
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^^H REPRESENTATIVE DIRECT<DRIVEN GENERATORS. 

1^^^^ Qeneral Electric Co.'« Railway Generator. Figure 1 shows 

the General Electric Company's direct connected "railway" 

meiator. Such machines represent a, high type of electrical 
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efficiency and mechanical soundness. They range in size from 
2400 K. W. (3200 H. P.), having 28 poles and running at 75 
R. P. M, down to 100 K. W., running at 275 R. P. M., and having 
6 poles. The yoke of the field magnets, (seen in the illustration 
as the outside circular frame surrounding the coils), is of cast 
iron, of very massive design. The upper and lower halves of this 
cast-iron ring or yoke are cast separately, and are fastened together 
by bolts. This yoke carries the poles of the field, which are soUd 
steel castings, accumtely fitted and bolted to the inner face of 
the yoke. The bolt-heads are seen in the illustration. These 
po«es are keyed in in such a way that they may be slipped out 
sideways, one at a tim6, in case of accident. These steel poles are, 
in the larger machines, made with laminated polar faces. * Each 
field-coil is separately wound and slipped into position upon tlie 
pole. 

The armature windings and core are built up upon the rim 
of a strong central spider, shown in Figs. 3 and 4. This spider 
is so designed that it serves furthermore as a powerful fan, keeping 
a constant air blast passing through the armature windings. This 
is a feature of great importance in securing cool running. The 
armature core itself is laminated, the stampings of iron being put 
into position in such a way as to leave numerous radial air pass- 
ages through the whole mass of the core. By means of these the 
blasts of air, coming from the arms or blades in the spider, pass 



*A11 lii^li-grade generators and motors now have laminated armature 
core*?, and many of them have laminated field poles, though the field magnets 
themselves are usually made with solid cast-steel cores. A ** laminated" 
core is made up of a great number of thin sheets of soft iron or steel pressed 
solidly together, making what is practically a solid mass of metal. It was 
found in the use of solid iron corps that eddy currents (see section on Direct 
Current Dynamos) wore formed which reduced the efficiency of the machine. 
The soft-iron sheets, however, being magnetically insulated from each other 
(sometimes by a thin coating of japan, or by a thin film of rust), effectually 
prevent eddy currents. 

Pole pieces in some machines are laminated for the same reason. By 
cutting away every alternate sheet of metal at the horns of the pole pieces 
it is possible to give the magnetic field just the degree of density that if 
best for the smooth running of the machine. This is done in the Westing- 
house machines, and other makers produce somewhat similar effects by 
cast-8te*»l pole pieces of special design. 
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through the armature windings. Slots are also provided upon the 
face of the core to i*eceive the conductors. 

The armature coils are bent into shape upon forms or patterns 
made of the exact shape that the coil will have upon the armature. 
After being bent into shape the coils are wrapped with insulation 
and fastened into the slots upon the armature by means of little 
insulating wedges or keys. A single coil is shown iti Figure 2. 

These wedges generally do away with binding wires, which 
were often found to interfere with the armature insulation and 
ventilation. A gi*eat advantage of this method is that a single 




Fig. 2. Armatare Ooil for General Electric Generator. 

coil or part of a coil may be removed from the armature separately. 

It will be remembered that in multipolar machines the same 
potential exists or should exist at several points around the cir- 
cumference of the armature, owing to the simultaneous action of 
the different poles. In the railway generator, as in other advanced 
types, such points of nearly equal potential are connected together 
by massive conductors arranged along one of the end faces of the 
armature. By this method any slight irregularities of adjustment 
(which would otherwise cause an unequal distribution of current 
around the armature) are compensated. These conductors are 
known as equalizer rings and are an important feature of modem 
machines of this class. 

Commutators and brush holders are of massive design, allow- 
ing large surges of contact and ample chance for ventilation. 
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The commutator brusliea are carried on a ring as seen in Figure .1, 
This ring is moved by means of tlie rod and hand-wheel seen nt 
ihe left of the figure. The complete machine, together with the 
engine shaft) bearings and fly-wheel, is seen in Figure 1. 

These machines are compound-wound and the voltage varies 
from 625 at no load to 575 at full load. By shunting tl:e series 
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field, this oveiHiompounding may te reduced as desired. Two or 
more of these generatfti-s will work perfectly in parallel. 

The General Electric Company makes very aimiliu- machines 
for lighting and genei'al power service. The essential difference 
between these and the mihvay generator is the voltage. The 
lighting and power generators are usually wound for from 125 to 
300 volts, while railway generatois usually give from 500 to 550 
volts. The danger of injury to the armature through sliort t 
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cuita 13 practically removed by the use of maasive armature con- 
ductors made of bar copper. 

All these armatures are constructed on what is known aa the 
« iron-claJ " principle ; that ia to aay, the conductors, as we have 
seen, are not wound upon the surface of the armature core, but are 
imbedded quite deeply in slots which are cut through the sheet 
m etal core. In this way the soft copper conductors with theii 
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insulating material are protected from all injuiy by the projecting 
portions of the iron core. 

Similar machines are made by the Crocker-Wheeler Com- 
pany. Fig 6 is an excellent representation of this company's 
engine- type generator. 

In the Crocker-Wheeler machines the magnet trame is a caatr 
iron ring, stiffened by flanges like a girder . the upper and lower 
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halves &tb cast separately and are accurately fitted together and 
held by bolts. The u[>per half may be lifted off from tba nukchine 
if repaire are necessary. 

In all these direct-driTen generators the lower part of the 




/Ig. a. Pletd ■nd Bnuh Holden of K Oenenl Eledrlc QcncraUv. 
msgDet frame tarries iron feet which are bolted down to a e 
porting base. 

Westinghouse Engine-Type Generator. Fig. T ■ 
WeBtioghouflo direct cnrrent cngine-^o generator. It 1 



tber ehaft nor bearinga, both of these being supplied with the 
engine. This particular machine ia wound for 125 volts. The 
field frame is of soft steel and la cast in two jiarts. These two 
parts are divided from each other in a vertical plane; that is, 
the right and left hand sides of the field may be unbolted and 
drawn apart on slide rails provided for this purpose. The poles 
are cast welded* into the yoke or frame of the magnets; and 
the field-coils, separately wound, are elipped onto these poles, 




vhere they are bolted into position. The armature core, carried 
by B cast iron apider, ia built np of thin discs of carefully 
aoaealed steel. Air ducts are left through the core as in the 
types already discnssed, and ventilation ia practically perfect. 
Fig. 8 shows a 2(X) K. W. Westinghouae generator connected to 
a Westinghouee steam engine. 

The armature windings are uBu]Iy of heavy bar copper set 
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into grooves in the surfece of the annature core. Fig. 9 Hliowa 
this coiisti-uction very clearly. The commutator, built up of 
bard rolled copper, insulated with Bpecially prepared mica of 
great hardness, has excellent ventiUtiou, uiid provides a surface 
that weare evenly. 




iKbouse EngiDC-Type Oencrklor. 



Years ago many inferior makes of machines cai-ried conunu* 
tatora of soft copper insulaU'tl with soft niatenal. Such com- 
muUitora woro nipidly into irregular grooves, which niiido good 
commutation impossible. Ktgh-clasB machines ai-e novr built with 
practiciUly indeatnictible commutators. This la nne of iha most 
vital features of direct current work, and careful vxambiation of 
tlio commutator a necessary in making a choice of niuiihtues. 
w^ the complete annature of a Weistiiighousc 800 K. W. 
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engine-type generator, and Fig. 11 shows such a machine 
assembled upon the engine shaft, together with the enormous 
fly-wheeL This iiy-wheei is necessary for smooth running at 
slow speeds, such as are commou in direct-driven machines. 

The Westinghouse direct-connected railway generator is 
shown in Fig. 12. Bearings are provided by the engine builder, 
the armature of the generator being mounted upon the shaft of 
the engine. The field casungs are divided vertically, and the 
two halves are bolted togetlier so firmly as to constitute a good 
magnetic circuit. By this construction it is rendered easy to 
inspect the armature at any time by unbolting the field and 
moving it sideways. This arrangement is particularly valuable 
in engine rooms where there is but little head room, or where 
overhead cranes for handllag heavy castings are not available. 
Machines of similar design are however constructed by the 
Westinghouse E. & M. Co., having a field divided horizontally, 
the top half being removable by means of a suitable crane. The 
bolts for securing together the two halves of the field are in this 
case at the sides of the field. 

Railway generators aie usually overcompounded, a rise of 
10% in the voltage being allowed for from no load to full load. 
The compound windings for one of the pole pieces are shown in 
Fig. 13. Shunt and seres coils are mounted upon a light 
metallic skeleton frame, which is slipped on over the pole piece. 
The coils are well ventilated and easily removable. 

Fig. 14 shows the core for the armature of a railway gener- 
ator. This core, mounted upon a cast-iron spider, as shown, is 
slotted to receive the windings, rows of ventilating ducts being 
left around the circumference. Fig. 15 shows the complete 
armature and commutator, the temporary shaft seen in Fig. 14 
being omitted in Fig. 15. In the latter figure the armature is 
seen resting on the floor, the delicate insulated windings being 
protected from injury by their position, since they are sunk 
beneath the surface of the core. 

Fig. 16 shows a group of these machines as installed at 
the United Traction Company's plant at Allegheny, Pa. These 
machines are each of 600 K. W. capacity, and uniform speed is 
secured by means of the enormously heavy fly-wheels shown. 
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They are driven hj horizontal engioes, which are not clearlj shown 
In UiB illuBtmtion. 

The Lundell Split-Pole Generator, manufactured by the 
Sprajae Electric Co., is shovn in Fig. 17. In this generator 




UlP I»I« liifi'i ■ <o two iijiprtiiiiaatelv equal p^rU; 

uii«> I'f ihi'so pai'tji Itiiji i iai^t! ext*?iision along the face of the 
"•"I*, and Uio other i«irl luis n much smaller extension. The 
k liiat a eni»ll exciting ciirrvnt will fully magnetiw i 
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part, but ■will not fuUy tni^etize the other. When this current 
is increased the magnetism of the part having a large pohir 
extension is slightly increased, while the part with the small ex- 
tension has its magnetism more rapidly incienaed. This results 
in dimintghiiig the distortion of the field, ani oanseqnently the 
point of commutation remains practically fixed, Tt ft tlaimed by 
the mauufiicturers that this device does away with the necessity 
of shifting the bruslies, the brushes being once set properly. 

The yoke is circular, and consists of two steel castings. 
The polo pieces are bolted tu the yoke. The armature is of large 
diameter, and is of the iron-clad tj*])e. The core is laminated and 




builtup of soft annealed sheet-steel pimchings, thn roughly japanned, 
and secured to a spider, which is keyed to the shaft. The com- 
mutator is unusually massive, giving abundant capacity, without 
excessive heating. The commutator bars are of hard dnwn cop- 
per, carefully insulated from each other with tlie best graos of 
mica. The completed commutator is solid, accumtely turned and 
smooth running. The split-pnle type of generator is made in 
sizes ranging from 25 K. W. to lOOO K. W. 

The Triumph Electric Company miinufactures multipolar 
generators of both slow and moderate speed types, aa shown by 
the accompanying illustnttions. Fig, 18 shows the Triumph 
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maltdpolnr direct curmiit generator moanted apoQ the bedplate of 
a borizoittal giis engine. Fig. 19 shows the Triumph geiierator- 
aa adapted to use on shipboard, mounted upon the bedplate of a, 
vertical eiigiue. Fig. 20 shows a larger machine also mounted 
upon the shaft of a vertical engine. 

Fig. 21 shows the completed field frame and pole pieces 
of a Triumph geiiei-ator, with shunt and series windings in poai- 
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Fig. 10. Comiileti 
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tion. Fig. 22 show? a complete Triumph armature. No shaft 
is proTided, the armature being designed for direct mounting 
upon the shaft of an engine. 

Fig. 23 shows the Fort Wayne Electrical Works' 400 K. W. 

direct-driven multipolar generator for counectiou to a hori 
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engine. This machine, together with others manufactured by the 
Fort Wayne Works, tsomprises what is known as the "Wood" 
System. 

The direct-driven generators range from 15 to 800 K. W.; 
the smaller sizes have 6 poles and the largest size 16. These 
machines are designed with special reference to quiet, steady 
running, a feature which makes them available for use in hotels 
and office buildings. 

The cores of the field magnet poles are of fine laminated iron 
cast into the body of the frame by a special construction. The 
magnetic circuit is undoubtedly good. 

The armature is of the " iron-clad " type, and is wound with 
coils formed separately on patterns. The core is of laminated 
sheet iron. Light binding wires are applied ta the armature coils, 
but the core is made with ventilating ducts, and a constant circu- 
lation of air is maintained through the armature windings. 

The illustration shows large commutator surface and good 
brush area. The brushes are shifted by turning a small hand- 
wheel on a long screw threaded through a lug on the brush lattice. 
These machines run at the comparatively low speeds of 375 to 80 
K P. M. 

A representative type of direct-driven generators, manu- 
factured by the Bullock Electric flfg. Co., is illustrated by 
Fig. 24. This shows the 800 K. W. type " I " direct current 
Bullock generator, direct connected to a cross-compound Corliss 
engine. Like other direct-driven generators, this machine oper- 
ates at the very low speed of from 85 to 90 R. P. M. These 
machines are designed to meet the requirements of diflferent 
engines. It will be seen that the field yoke is divided horizon- 
tally, being cast in two semicircular sections, which are bolted 
together midway of the height of the generator. The pole pieces, 
of laminated soft steel, are so formed as to produce a uniform 
magnetic flux across the air-gap. In the Bullock machines the 
poles are bolted to the yoke, the nuts being concealed in the in- 
terior of the pole pieces. 

These generators are usually overcompounded for a rise in 
potential of 3 % from no load to full load, but this compounding 
may be varied as required. 
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are uand. Kach conductor it* wound with tape, tlien the con 

dnotore for a coil are groupetl together and tapei) us a vrhale 

After tliU ttio ooil is dipped iuto an insulating compound. It is 

insulated vith rope paper, mica, and bond 
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paper, and is then armored wkh red fibre (or at least so much of 
the coil as is to be in contact with the armature slot). These 
coils are then baked at about 850^ F. under pressure, this process 
removing all moisture. Insulation thus built up is of a yerj 
high grade, and the coils when placed upon the armature require 
no further insulation. Coils are held in position by wedges of 
hard wood, which are driven into notches in the armature slots. 
No band or binding wires are used. Fig. 26 shows the com- 
pleted armature for a 76 K. W. Bullock generator. Fig. 27 
shows the 800 K. W. Bullock generator disconnected from the 
engine. 

At the top of Fig. 27 is shown a small wheel canki by 
the yoke of the machine. Two similar wheels are also carried 
by the frame of the machine, but are hidden by the base plate. 
These wheels support the large ring which carries the brush- 
holder mechanism. By means of this device the position of the 
brushes is adjusted through a handwheel, seen at the right of 
the figure. 

Fig. 28 Aiows a 15 K« W. Bullock generator direct con- 
nected to a gas engine. Between the gas engine and the 
generator is seen a flexible coupling, carried within the body 
of the fly-wheel. Steadiness of running, ordinarily so difficult to 
obtain with gas engines, is insured by the use of a compound 
gas engine, by fly-wheels of massive construction, and by the mass 
of the armature. 

Fig. 29 shows the efficiency curve foi the 200 K. W. 
Bullock generator. The figures given at the base of the diagram 
show quarter, half, three-quarter and full loads and overloads. 
Efficiency is indicated in percentage, at tlie left of the diagram. 
The machine possesses high efficiency at full load, and the 
efficiency does not appreciably decrease imtil the load has fallen 
to one-half of the full load of the machine. It will, further- 
more, be noticed that even at less than one-quarter load the 
efficiency is still very satisfactory. 

Nearly all of the modern direct-driven generators show this 
peculiarity in the efficiency curve; namely, the efficiency remains 
practically constant over a very wide range of loads. In a small 
machine which is to be run constantly at its full output, this 



187 



24 TVPES OF n\"XAMO- ELECTRIC MACHINERY. 



characteristic of the efficieocy curve is not necessary. But in i 
large macliine which is to run for a great part of the time a*- ^ 
small loitds, it is of the utmoeit importiuce that the curve shaimj 
show high efficiency, even down to one-eighth of the full output s. 





One of the most notahle of reient types of tiectric machinerj 
18 the tlitfcUdriven lighting and power generator for use on ship- 
board. Fig. 30 shows a Bullock generator, direct connected to 
a Forbes vertical steam engine for marine use. In auch machinery 

important to reduce the weight as much as is consistent wiA 
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safety, and the least jiossible apace must be taken up liy the en- 
gine and genci-ator. At tho same time, it ia iini>ortaiifc that the 
niachiiieryehiilllacof the greatest possible durability, as repairs can 
be made at sea only with great difficn.jy. The marine generator 
shows tlie leading clmracteristics of tlie hlgh-gi'ade machines 
liilherto described, the principid difference being tlie greater com 
pactness of maiine design. The voltige is usually fixed at 110, 
and the speed ranges fi-om 800 to 400 R. P. M,, thia hitter speed 
being that of the 22 K, W. size. 

Fig. 31 shows the C & C G-])o]e engine-type generator. 
The C & C Company makes inaclijnes of this tyjie in standard 
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eizea of from 2.^ to 125 K. W., iiumiug at speeds of from 325 
to 250 11. P. M. The smallest size has 4 poles, and the 125 K. 

W. size lias 8 poles. These generators are nob provided with a 
bed except when specially required. As a rule the generator is 
mounted directly upon the bed plate of tlie engine. 

The healings are of the modern self-aligning and self-oiling 
type. The yoke of the field magnets is of soft steel, the field Ije- 
ing cast in two semicircular iLalves bolted together 
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[neees and tbdr aboes are w>1id castings of steel, tbeir biu&c«s 
machined true; they are bolted to the Seld yoke or riDg. The 
armature spider ta strongly built, and its Imb is extended into a 
sleeve which forma a very firm support itpon the shaft. The com- 
mutator is bailt np npon this slecTe. The armature core, built 
np of thin sheets of fine soft ateel, is bolted to the spider. This 
core is slotted to receive the armature windings, and air-ducts are 
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Fig. tl Core of WestinghouH Armatare. 
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left throughout the core for ventilation. The commutator is made 
up of rolled copper bars and is very large, giving good wearing 
qualities, 

Fig. 82 shows the Northern Electrical Mfg. Cc's generator, 
without bearings, for mounting on the shaft of a steam engine, 
n Fig. 83 the armature core is shown sepanitely. In Northern 
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macliines of large size tlie field-magnet yoke b cast from soft 
steel in two piecea bolted together, while in the smaller machines 
the yoke is east in ft single piece. A special feature is found in 
the beaiings. These are of bronze with an inner spiral lining of 
Babbitt metal. Should the Babbitt metal thiough neglect be per 
mitted to heat and rim out, the bronze portion of the beatings 
would continue to support the shaft accurately in position. An- 
other feature of these machines is the armature locking device, by 




means of which the armature may be mounted qaickly and easily 
upon the shaft of an engine or turbine without tooling either the 
shaft or the armature bore. It is cliiimed that with this device 
the cost and time of erecting the machiue is much reduced and 
that the armature is securely and rigidly locked in place. 

The Thresher engine-type generator is seen in Fig. 84. 
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This macliine is built in sizes of from 25 K. W. to 400 K. W., 
running at speeds of from 3t25 R. P. M., in the Email sizes, to 160 
R. P. M. in the 400 K. W. size. The field ring is of east iron, and 
the pole pit'ces, finished to fit accuriitely into recesses in the field 
ring, aro buked iiito place. The Threslur Electric Company 
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Fig. 17. Landell aencra 



claims that a jnore evenly balanced magnetic field is Becured in 
this manjier tliiii: by casting, 

INDIRECT DRIVEN GENERATORS. 

Fig. 35 shows a typical Westinghouse belt-driven gener- 
ator for railway service. In tbia figiire the third or " outboard " 
bearing is clearly shown, Genei-ators of this design are built in 
Bizes of fiom 100 to 500 K. W., the revolutions per minute rang- 
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ing from 650 R. M. P. in the smallest size to 320 in the largest. 
The machine in Fig. 35 is of 500 K. W^ while Fig. 36 sho\rs 
the railway helted generator aa designed in sizes of from 100 lo 
200 K. \V. In these machines the thiid or " ontboiird " bearing is 





omittwl, the pulley being permitted to overhang the bearing, u 
tlia belt'pull in these skes of generator is not severe enough to 
ooouioD «ny diflSoiJtj by bending the shaft. 
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These generators are compound wound, and the winding is 
^•0 proportioned that the teriiiiual E. M. F. of the machine increases 
about 10% at constant speed from no load to full load. The 
armature core is built up of soft st^el sheeU, and is wound 
with rectangular shaped copper bars, insulated befove placing upon 
the armature. The coils are sunk iu slots in the surface of the 
armature core and are held in position by wedges. Fig. 37 
shows a complete armature fur oue of the Westiugliouae railway 
genenitors, and the commutator is shown separately in Fig. 38. 

^^^P The Westinghouse Company luis developed a method by 
which the potential at all the sets of positive brushes is main- 
tained equal. This is done by equalizer rings as already described. 
If it were uot for these rings, even if the difference of the E. M. F. 
were very slight, yet owing to the very low resistance of the 
armature windings a heavy current would flow through the arma- 
ture windings from one positive bnish to another. This would 
upset the electrical and magnetic balance of the gonenitor and 
cause wasteful heating of the armature. In fact the machine is far 
more eRicient and more easily regulated when thus modified 
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it could be it it vere not balanced in some such manner. It 
woold be practically impossible to so design and adjust tlie gener- 
ator that precisely equal E.M.F.'a should be generated in corre- 

L qionding sections of tlie armature windings, 

^^^^ Furthermore by menus of this bnUiucing nielhud tlie armature 
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— should It wmr •lif^tlj out of oeotre — would stili regulate 
•ttUly, Mtd Uttt elBolf ncy would ba maintained. 

Fig, SO •Krtvn a Wmtinghoitss belted ^rpe of generator as 
butU In viimll «iaivt. ThU mai-hine has do "oatboard" bearing, 
M tt I* tuity of Ad K. W. out^iut. The rery large surface pro- 
vUlnxl (t<r •Munmiilnlii)); slionld be noted. This particnlar 
UMv^btutt U dv«i^nml fv>r low \vlta$« with a largo output of 



TVPES OF DYNAMO- ELECTRIC MACHINERY. 88 

current. The resistance at the commutator ia therefore mnde ae 
small as possible. A complete armstore for this machine is given 
in Fig. 40. 

Fig. 41 shows one of the General Electric belt-driven 
moderate-speed generators. These are Riado in standard sizes 
that range from 4-pole 85 K. W. mactiines witii a speed of 750 
R. P. M. down tn 0.75 K. W. 2-[>ole machines with aspeed of 1200 
R. P. M. In a general way, their design suggests the lines of the 




Plocei ot Triumph OeaerMor. 



direct-driven type. That ia to say, the upper and lower halves of 
the field are cast separately, the lower casting, however, in this 
case being carried out at the sides to form the lower portions of 
tliB main bearings; the pole pieces are bolted into the magnet 
frame, and the armature is built up of laminated sheet iron, fastened 
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to a oastriion spider, this constTuction permitting of ample Tentils- 
tion; the armature windings, shown in Fig. 42, are carried in 
slots cut in the armature core, and the commutator is of liirge 
area, ample wearing surface and good ventilation. It will be 
seen, LowcTer, that the armature is of much less diameter and 
gteater length along the axis thuu in the directdriven railway 
machines. Fig. 4-^ shows the armature in process of con- 
struction. 

An important feature of these machines is the self-oiling 
and self-aligning bearing (Fig. 44). In the illustration are seen 




two loose rings, which Lang in a I'eservnir of oil provided in the 
lower purt of the casting. These rings, rotated bj the motion 
the shaft, continually bring up a supply of oil. 

The rings are, of couree, considerably larger than the diam- 
eter of the shaft upon which they are hung. There is, how- 
ever, no friction between them and the shaft On the other 
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hand, they cannot get out of place, being confined in position not 
only by grooves in the circumference of the shaft, but by the 
upper and lower halves of the case. Oil which is thus enclosed 
and fed copiously to the shaft may be used with very little 
wastage for a considerable period of time, and the lubrication 
secured in this simple and convenient manner is probably more 
thorough than that obtained in any other way. The shaft not 
only receives sufficient oil for lubrication, but is, as it were, 
drenched in oil, which drips continually from it, helping in no 
small degree to carry away the heat and thus keep the shaft and 
bearings cool. The oiling of bearings by means of loose rings is 
now used on a number of the leading types of generators and 
motors, although a number of our illustrations show oil-cups of 
the familiar pattern in use upon generator and engine shafts. 

Fig. 45 shows the Crocker^Wheeler belt-driven generator, 
looking from the commutator end. In general, these machines 
conform to the standard type of moderate speed generator. 
The regular standard sizes range from 200 K. W., operating 
at 350 R. P. M., down to 9 K. W., operating at 1025 R. P. M. 
Fig. 46 shows the form of the field magnet frame or yoke, 
together vrith the field poles and polar faces. The magnet frame 
is of cast iron split horizontally, to facilitate assembling and re- 
moval in case of injury. The poles are " cast welded " into the 
magnet frame. That is to say, the poles are constructed first, 
and are placed accurately in position in the mould in which the 
field magnet frame is to be Ciist. The molten metal for the mag- 
net frame flows around the ends of the magnet poles, in this way 
making a magnetic joint. This method is also a characteristic of 
some of the Westinghouse machines. 

If the "cast-welded joint'* is perfectly made, there is no 
doubt that it will give a better magnetic circuit than would ordi- 
narily be obtained by the n(iethod of bolting. There is, however, 
some difficulty in securing a perfect welding of the metallic sur- 
faces, but this difficulty is now in great part overcome. 

Fig. 47 illustrates the Fort Wayne belt-driven generator with 
outboard bearing. 

Fig. 48 shows the C 6: C Electric Company's belt-driven 
generator with overhanging pulley. This generator has 6 poles. 
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Rnditsgeneralconstructionresembles thntof the engine-type C & C 
generators previously described. The beltKlriven tj'pe is mada ■ 




utandard sizes of from SO to 175 K. W., running at speeds of fi 
275 to 450 reToiutione per minute. The C & C brush 1 
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ai-e of special patented eonstraetion. The carbon bnishea are 
inclined at a slight angle fiom the radial line, and it is claimed 
that with this design of brush the direction of rotation of the 
armature may he changed without altering the position of the 
brushes and without sparking. 

Fig. 49 shows the Bullock belted generati^r of the multi- 
polar direct current type. The massive constmction of the 




machine in evident. A feature of special interest is the enor- 
mous belt pulley provided. This pulley is carried by- the shaft 
between one of the main bearings of the generator and a third or 
"outboard" l»earing. The base plate of the generator rests upon 
three rails or sub-bases of cast iron, and the belt is adjusted by 
sliding the niacliine bodily along tliese rails by means of the 
adjusting levers shown. These levers are connected together by a 
bar, and are woiked by a riitchet gear, which insures that boih ends 
of the machine shall be moved through equal distances. 

Fig. 50 shows the belted multipolar generator made by the 
Western Electric Co., and Fig, 51 shows a similar machine by 
the same company. The bipolar raachiiiea are made up to 
3 E. W., and the regular multipolar machines of the type shown 




nm up to 250 K. W. The lower half of the frame of the multi- 
polar maehinea, together with the base and the jwdi^stals, are in 
one casting, while the upper half of the frame is also a single cast- 
ing. In the smaller machines the frame is cast in a single piece, 
^lide raiU are used, and the Itelt is tightened hy meaiia of,] 
chain and ratcliet. 

The armature is of the ironiclad type, liaviiig hare coiu 
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ors imliedded in insulating tulieji below the surface of the I 
no band winw being used. The tnstilatnig tulxja uro made up t>I 
alternate lajere of pressboard, nil-paper and mica. Thp arma- 
tures are stAted to be piirfuctly Iwlnnceil botli mechanically and 
eloctrically, ho that they will operate without vibration. Pro- 
vision id iiiiido fur v<-ntil.iUoti in the usual miuiner hy tJie UM of 
uiHlucta through the armature core. 
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The jjole pieces, which am bolted to the field frame, carry 
[ well ventilated and insulated iitachiDe- wound coils. 

The conunutator is lai^e, having high conductivity and long 
I life. The bruehes are of carbon, and may be separately removed 
or adjusted independently while tlie generator i» in operation. 

Fig. 52 shows the Holtzer-Cabot beltrdrlven multipolar 
generator, embodying the salient features of recent design: slow 
speed, compactness, massive armature and commutator con- 
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I stniolion, hig*-. t;fficii'ney, ciiol running, eb;. Kig. 53 shows the 
base, field ring, field cores and pedestals, with joumaU and 

, brush holders. The armature is seen in Fig. 54. Fig. 65 iUiis- 
tmtes tlie construction of tlie aimature core before the windings 

, have been placed in position ; it idso shows at the right the com- 
pleted commutator, and the lugs by which the armature wind- 
ings are to be brought into connection with the commutator 
segments are clearly seen. 

The shaft is ma-^sive, and nil moving parts show sound 

[ tnechanicnl design. Fig. 5G sliowa the armature in process of 

' winding, and in Fig. 57 is seen the onnimutator complete in 
itaeU, hut not yet placed in fiosition M[<ori the armature shaft. 

,;i the design of dynamo-electric machinery the amount of 
fftrent carried bv the conductors is determined by standard prao- 
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Uce, and is calcnlated in amperes per square inch of cross-section 
of conductor. Thus nrmature conductors as ordinarily calculated 
carry 2,000 to 3,000 ampere* p<'r square inch of crosa-section. 
For instance a, round armature iiire one-half inch in diameter 
will carry 392 to 589 amperes, and so on. 

Similarly in figuring commntator capacity a definite dgare 
must be fixed for the amount of current to be carried per squaiu 
iitoh of cross-section of commutator segment. A figure must 
also be determined for the current carried per square inch of 
surface of the hroshes where the brushes make contact with 
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the commutator. These figures var}' somewhat among tJie 
different manufacturers. In the Holtzei^abot machines the 
carbon brushes are designed to carry 25 amperes per square inch 
of cross^section when ihe machine is earning full load. Co[^>er 
brushes may cany 1 75 amperes per square inch of contact surface. 
This is conservative design, and pro%ndes such ample surfaces of 
contact that the commutator is certain to run without heating 
at all loads. 
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It 18 at first sight surprising that such massive designs should 
be necessaiy in brusli construction, but it should be remembered 
that the efficiency of the machine depends upon keeping the 
resistance of the amiature at the lowest possible point. There 
is always considerable rtisistunce at the point of contact of brush 




Fig w. PJleen K, 



■A to Qua Euglae 



and conirautator, and this resistance can lie ktpt within small 
limits only by making the totjil cross-sectional area of the brushes 
very lai^e compared with the other conductors of the machine. 

The Lundell single-coil belted generator ta seen in Fig. 58. 
It has a single field coil embracing closely all of the pole pieces, 
magnetizing them directly. 

Fig. 59 shows the Northern Electric Mtg. Co.'s beltHiriven 
generator. The strnng pedestals and ample bearings should be 
noted, un also the rigid base, the <'(invenient iirrangement of the 
brush regulating wheel and the unusually wide pulley. The 
illustration gives an excellent view of the "outboard" bearing 
previously noted. 

The Thresher beltdriven generator is shown in Fig. 60. 
The machine rests on slide rails and the belt is adjusted by 
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(liditig the generator forward or bock upon tiie rails, tbn^ tight- 
ening or Bliutkeiiing the belt. Tlie ratchets by wliich this is 
aocomjilishud are seen iii the illustration coupled together to 
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InHunt aqual motion of botli i-nds of tlie generator base, and a 
lover for niHiiipiilntiiig Uio rati-bet gear is also seen, 

aBNHRATOR5 FOR ELECTROLYTIC WORK. 

0<ii»»nitor8 for electrolytic work have recently been devel- 
oped to a high di'groe of nieohnnical and electrical excellence. 
Ill (ivntitiji of tlie "Elements of Electricity" we discussed the 
loml |irlnciplea involved in electrolysis. In commercial eleo- 

tio work (such as electrotyping, electroplating and 
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chemical inanufactiires) a very poweifiil current flowing . a low 
electromotive force is needed aa a rule. Electrolytic generators 
accordingly are required to give an extremely low E. M. F,, since 
any E. M. F. in excess of that required for the electrolytic bath 
would he wasted, having to be absorbed by series resistances. 
Only a slight surplus E, M, F. is provided for regulation of the 
current. 

Fig. 61 shows the Westlnghouse direct-connected generator 
for electrolytic work. It is a multipolar dlrtstt current gejier 
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ator giving a low E, M, F., but having a very large output In 
amperes. In fact, the current is so great and the E. M. F bo 
small that it is necessary to take extraordinary precautions to 
keep down the resistance at the commutator. It will be seen that 
the armature carries two commutators, each of veiy large area 
and fitted with an unustml number of brushes. There is only 
one armature winding, the two commutiitors being therefore in 
parallel. Tliat is to say, an armature coil at tlie point of tapping 
off is connected by massive connecting bars to a segment of each 
commutator. The two sots of brushes are regulated independ- 
^tly by means of the two hand-wbeels seen iu the iUustration. 
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The circaito derived from the two commutaton may be separately 
applied to outside work or may be united in simple parallel. 

Fig. 62 sliows the armature with double commutator for a 
Westinghouse electrolytic generator. The gpuerator illustrated 
is shunt wound, with an output of 4000 umjieres. 

ARC LIGHTING OENERATORS. 

Arc lamps are in many cases supplied by an alternating cur- 
rent of high {X)tential. This method wdl no doubt continue in 
very general use, but insLallations of iirc lamps are now very 
common on direct current circuits of both liigh and low potential. 
On low potential circuils two arc lamps are often run in series 
(as, for example, from a 110-volt circuit). Thus 100 lamps 
would be connected up in SO pitrallel rows, each row containing 
two lamps in series. On high potential direct current circuits 
the lamps are all in series, or else there are several parallel rows 
of liunps, each row having a considerable number of lumjis iti 
series. This latter arnuigemciit. modified, is (.■xplaiued more 
fully in discussing the General Electric arc lighting generator. 
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High potential direct current arc lighting generators are 
manufactured by several prominent companies, and we give * few 
leading types. 

Fig. 63 allows the Westlnshouse direct current high poten- 
tial arc lighling generator designed for belt driving, for 75 
arc lights. In general construction it resembles the other 
Weatinghouse multipolar generators and like them has self-oiling 
and self-aligning bearings. Tlie machine illustrated opemtea at 
825 R. P. M., giving 6.8 amperes at 3750 volte. 

Tlie genemtor is of the open coil type giving a current 
which, while constant in direction, is not absolutely continuoua. 
The result is a pulsating current which causes a veiy slight vibrar 
tion of the feed mechanism of the Lam^u. This prevents sticking of 
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the feed, but is far too slight to effect the steady, anifonn intensity 
of the light. In Fig. 64 is shown the armature partially wound. 
I The coils tire being forced into position upon the Itiniinated and 

►slotted armature core. The complete armature is shown in Fig. 
65. The eommutatur for tlte open coil winding is seen at the 
extreme right ; and at the extreme left, as also between the 
armature and commutator, ai*e seen loose rings hanging from the 

I 





sliaft. These are the rings which dip into the reservoirs of oil 
provided for in the bearings. As the rings rotate with the shaft 
they continually draw up a fresh supply of oil, thus keeping the 
bearings thoroughly drenched. 

The Westinghouse direct current arc lighting generator is 
excited by means of a small direct current machine furnishing a 
100-volt current. This pnctice frees the field windings from the 
chances of grounding and makes the handling of the machine 
much safer. A feature of these machines is that the armature 
coils are easily removed and I'eplaced. It is not necessary there- 
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fore to keep on hand an extra armature, since an injured coil may 
conveniently be removed and a freali one substituted. 

The General Electric direct current arc lighting generator 
appeal's in l*"ig, 6i3. This is a modern development of the histori- 
Givl Bmsli generator and is of the same general type embodying 





the same general principles. The modern machines however, i 

distinction from earlier types, operate on the "multi-circuit" 

arrangement. Upon the shaft of the armature are mounted i 
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uamber of separate commutators, eacli properly connected to the 
mature windings and supplying scfiarato groups of lamps on 




larate mains. Nearly HX),000 arc. lights are now supplied 
r large-sizo General Electric generators of this ty{)e. 
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The student will have seen from the foregoing pages that the 
modem types of generator are more and moi-e tending to large 
size; and tlie same is true, though to a letis extent, in regard to 
motom. The designs now m hand by tlie larger electrical cora- 
i indicate that the next icw y^ars will see tlynamoeleotric 
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lehines i>f still larger dimensions. In fact, it is difficult to see 

|)i-(>Bent any pi-aotical Uinits to the size of the electric geiienitor. 

This growth in size iia well as in nuiiibevs is due lo numtrons 

The increiisci! ileniiiiid for electric eiierg)' has. nf rnursL', 
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had an influence on the design of tlie large modem machines. Als» 
there is a greatly increased economy of constrnction in equipping- 
a plant with a few large machines in place of a large number of 
smaller units. Obviously, in designing a station the engineers 




fig. a. OeosMl Blcotilo AiniUDi*. 



endeavor to plan the installation so that the generators shall run 
during a large part of the time at or near full load. This is done 
because the generator works »t better efficiency when at or near 
'nil load. Hence, as the demand for electric eneigy increases, 
generators of larger she are. built. Commercial machines, run- 
ning at their full output, .and necessarily tending to become 
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heated, require uiiuBiial facilitiea for ventQation, and such venti- 
iation can only he setured by a de^sigri wMcli afforda massive 
metallic Itodies for coDducting and radiating away the heat gener- 
ated, and in which ample air spaces are left. The student will 
see in the following pages that these same considerations have 
held in the case of the electric motor, but to a considerably less 




degree, inasmuch as the conditions under which motors and 
generatora operate are so different, 

The direct current generator and motor have hitherto held 
the foremost place in electrical supply systems, and they are con- 
tinually being improved in design and construction, ao that every 
year adds something to their efficiency and mechanical excellence. 
Although direct current machines are becoming higher and higher 
in grade, they are no longer foremost in the electrical world. 
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Within the last five years the altermiting cnrrent motor faa^ 
developed bo rapidly that it is now a practical and reliable piec^ 
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of apparatus, iind is coming very rapidly into nse for a gi-eat 
variety of applitalions. Therefore, in studying the present Pajier 
the Htndeiit tiliould bear iii mind that the types here shown. 
'ilthoiigh they lire growing in size and number every year, are not 
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holding their own against the newer system of pol;pha»e electric 
transmission. The pol^'pliuse current systems m-e desi^rilied in 
suhsequent Papers, and the student will do well to give them 
careful attention. The altemiiting cuirenfc is better adapted to 
long distance transmission, hecause it can be conveniently gener- 
ated and transmitted at far higher voltages than are ordinarily 
possible in direct current work. And, of course, the use of a 
high voltage permits the use ul' ^lUiilliT i;iirri-iits for transmitting 




Pig. 80. WeiterD Electric Co.'b Btlt-Drlven BIpoUr Oaneritor. 

a g^vea amount of enei-gy. There are, however, many classes 
of service in which the direct curi-eut is preferable, and in which 
it will, no doubt, continue to be used for many years to come. 
Such classes of service are, for example, tlie supplying of power 
to small consuniwa in the immediate neigh l)orho( id of the generat- 
ing statirin and the operation of electric cars. The student must 
bear in mind the limitations of the direct current system, in order 
that he may be able to choose intelligently between the two. He 
should give the preference to the direct current system whenever 
the conditions seem to justify such choice, because of the greater 



1 

I 




58 



TYPES OF DYNAMO-ELECTlilC MACHINERY. 



oonvenienee, safety and simplicity of a direct current installatioii, 
but he should adopt the alternating current flystem when the 
transmifBlob of a direct current would be marked hy undue losses 
in the transmission line. We shiiU go moi-e fully into the chai^ 
acteristiea of aUeraating current work in subsequent papers. At 
present the student should make himself thoroughly familiar with 
the direct current methods as a basis for subsequent study of 
alternating current machiiiciy. 
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The following portion of this Paper is devoted to a dlscns- 
anon of Direct Current Motors, the motors being grouped ucder a 
epsrate heading, in order that they maj be better compared with 
one another. It should be born« ia mind, however, that the 
essential difference between a motor and n generator is slight. 
Of the motors illustrated here, practically any one may be driven 




8 a generator by some outside source of power. It will thengivn 
out a current corresponding in quantity and voltage to tJiat sup- 
plied to it wlien ruuiiing as a motor, provided the conditiooji ara 
kept constant and the same speed is maintained. 

The principal difference between the two cases would be » 
. nadjostmeot of the brushes to suit the changed direction of rota 
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tion, or a different connection to the outside circuit. In fact, 

I aome of the machines which are- shown m the following pages are 

put upon the market not only aa motors, but as generators. In 
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most instances, Iiowcver, the generator is designed for adjuslnwnt 
to a rigid basp, whereaa motors are fretineutly !i8ed on car*, 
cranes, or for otficr riongtationary applications. 

Also, the oniinary motor is smsiller in size tlian tlw* aver»ge 
generator, since for economy in supply it is customaiy to deeign 
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oae generator to furnish current for a lai^e number of motors. 
fQ fact, this is one of the principal considerations wliich deter- 
tnine the difference in design between generators and motors. 

The generiitnr, being usually built far continuous running, 
Requires ample ventilatiug area, whereas some types of motor are 




designed for iiitL-nriirtf rif rimnin:;, and ventilation is compara- 
tively uniniporUuit. All mulors for shop use should lie so de- 
signed that they may be readily transferred from one [losilion to 
another, and should have a. range of speeds that would not be 
necessary in a generator. 
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DIRECT CURRENT MOTORS. 



Many clmracteristic features of the engine-type and direct- 
driven direct cnrient generators are now commnnly followed in 
deeigning direct current motors. Formerly the leading types of 
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molor were, generally speaking, of high sp^-ed and hnd to be belted 
to the machinery which they drove. Rejiresentative manufacturers, 
however, now favor the direct method of driving. The 2-poIe 
motor is giving way to the tuultipolar type, and the high speed 
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is being superseded l>y speeds of from 300 tn 800 R. P. M. In 
some instances even lower speeds tlian 300 are iised. 

Slow-«peed motors for direct driring are now commonly 
mounted upon the ahafta of Utiles, boring mills, drill presses, 
shapers, puncliing machinery, hydros ta tie presses, laundry machin- 
ery, traveling cranes, pumiia, pnnting presses, mine hoists and 
many other classes of machinery. 

When a machine is driven by a direc^connected motor it may 
be placed in the most convenient pottitiou for o]>erating, whereas 




maciiinery driven by line shafting Iiiis ta be phictid hi j>ositmns 
determined partly by the shafiiiig. Shafting is entirely done 
away with in plants where all the machinery is direct driven by 
motors. Many prominent printing plants are now operated hy 
motors direct connected to the presses, and this system of dii-ect 
driving is being applied to a large percentage of the great mills, 
factories and steel works. 

The absence of shafting and belting in a mill is a great ad- 
vantage, as belts and shafts interfere witli the lighting and venti- 
lating of the premises and are dirty, noisy and cnmbersome. 
Moreover, in many plants a very large percentage of the total 
tower is wasted in driving the shafting. In some plants having 
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an unusually great amount of belting it is said that 75 % of the 
output of the driving engines is probably lost in the shafting, 
countershafting and belting, only about 25 Jj being left for driv- 
ing the machinery. 

In plants driven by motors attached directly to the various 
machine tools there is a very great gain in cleanliness and in 
attractive working conditions. The control of the various 
machines is far better and the plant is operated with much less 
noise. Instead of having from 25 to 50 % only of the output of 
the steam engines available for operating the machinery, with a 
well-built electric equipment over 75% of the total power is 
delivered at the shafts of the macliine tools. 

On the other hand, the cost of installing electric motors is at 
all times a considemble item, particularly where a large number 
of small motors are used. This expense is increased when multi- 
polar slow-speed motors are used, as motors of slow-speed type are 
usually much more massive and expensive than the old-fashioned, 
compact, high-speed motora. So it follows that in equipping 
a large factory with slow-speed motom the cost is necessarily 
great. The interest on this extra cost (over the cost of a system 
of belting) often offsets the gain in efficiency — at least in part. 

In equipping a plant with slow-speed direct-connected 
motors one must take into account the great economy in fuel, 
the better conditions of running and controlling the niachineiy, 
and the much increased working efficiency of the employees. 
These are the results that follow the electric equipment of a 
factory. When the first cost of electric apparatus is not absolutely 
prohibitive it is advisable to adopt the electric system of direct 
driving or else electric driving by means of short lines of shafting. 

In many cases, however, the fii*st cost of electric equipment 
makes it out of the question. In such cases for instance as where 
fuel is very cheap, efficiency in running is not so important as 
economy in the first cost of the plant. 

The student should make a very careful study of the various 
representative types of slow-speed motors shown in this book, 
noting the various applications illustrated. He should also find 
out for himself the selling prices of such apparatus, and he may 
then decide whether the expense of the electric system is justified 
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in any special case. The tendency of the times is uumiatakubly 
in favor of electric dnving. The newer types of motor are as 
substantially built, as little likely to break down, and as easily 
regulated as first-lass steam engines. The old, unventilated and 
high-speed motors on tlie other hand were generally delicate, sub- 
ject to breakdowns, often wasteful of power, noisj', and not per- 
fectly steady in operation. 

A typical high gnuie nioileni motor fur diifct driving ia 




shown in Fig. 67. This is madw by the Crocker-Wheeler 
Company and follows in a general way tlie design of typical slow- 
speed direct connected generators. The motor has no shaft of 
ita 3wn, as it 18 intended to he keyed directly onto the shaft of 
the machine which it is to drive. It is built for various voltages 
and speeds, runs smoothly, and is well adapted to a variety of mill 
and factory applications. 

The electric motor is now required for servife in very diffi- 
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cult situations in which the earlier type of motor would speedily 
have been ruined. Thus in steel mills, flour mills, woodworking 
shops, boiler rooms, etc., etc., where the air is continually filled 
with fine particles, the motor must be of unusually substantial 
construction. 

The motors for such service are often enclosed in a practically 
air-tight case of steel. Such motors, of coui-se, are larger for a 
given output than open, yentilated motors, as a motor which is 
enclosed cannot be so well ventilated, and nuist, therefore, carry 
larger conductors in order to compensate for heat losses. But 
large conductors even when heated up might give a better efficiency 
than could be shown by a well-ventilated motor wound with too 
small wire. 

Fig. 68 shows a Crocker-Wheeler dust-proof motor. In this 
motor the "iron-clad" armature is completely encased la a cast- 
steel box, forming the frame of the field. While such motors are 
not very well adapted for continuous running, they seiTC admi- 
rably for use in intermittent service. The interior of the machine 
may be reached through the air-tight lid seen in the left-hand 
figure. 

The Crocker-Wheeler Company makes a variety of mill mo- 
tors designed for connecting direct to the sliaft of the m.achinery 
which they drive. At slow speeds they are designed to give a 
very heavy torque, being compound wound with a small shunt. 

Slow-speed motors i<K a given weight of material have usually 
a smaller output of power than the high-speed types. This in no 
way means decreased electrical efficiency, but simply that the slow- 
speed motor (for a given horse-power rating) is heavier and larger 
than the high-speed type. On tlie other hand, the slow-speed 
type nins cool and has far better mechanical construction. Its 
eflBciency is ordinarily very high, and it is much better adapted for 
long-continued heavy loarls than the high-speed motor. 

Fig. 69 shows a Westinghouse multipolar direct current 
motor operating a pair of shears for cutting heavy steel plates. 
Fig. 70 shows a Westinghouse multipolar direct current motor 
operating a punch with a 36-inch throat. 

Fig. 71 shows the Westinghouse dust-proof motor taken 
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apiirt. The armature, commutator and shaft are shown together ; 
the brrishes and brush-holder are eeva attached to the interior of 
one of llie lids of the motor case ; the lield jxilea are hidden hy 
the frame of the motor. Fig. 72 show's the dust-proof motor 
operating a 50-iiich gun lathe. Fig. 73 shows dust-proof motors 
mounted upon and operatiiig an outdoor ci-ane at Pittsbnig, Pa. 

Fig, 74 .shnwH a nmltipolar motor manufactured by the 
Bullock Electric Mfg. Co., arid disigiieil for driving mill and fao- 




Fig. 74. BuUooK MniiipoUr Motor. 



lory machinery without belting. These motora are usually geared 
to the shaft of the machine tool which they operate. 

The Bullock motor for work of this character is, as seen 
in Fig. 74, of a compact, strong design. It is made either 
of the dust-proof type shown in the figure or of the open, 
ventilated type. The enclosed or dust-proof type is useful in all 
cases where the motor is exposed to iron filings or quantities of 
dust, but being leas completely ventilated than the open type a 
somewhat larger size for a given grade of work may be required. 
The enclosed motor woika admirably liowever when the load is 
intermittent, as the motor has ample opportunity to cool in the 
intervals of work. Figs. 7^), 76, 77 and 78, show applications of 
Bullock motors to machine tools of various kinds. 
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fig. 79 ehowa a Bulloch direct carreat motor installed 
nndemeath s Urge Hoe sextiijile press ■with color Httachment. 
The motor is direct conne»Jted to the press, and its speed is con- 
trolled by the movement of the hiii id-wheel. Tlie motor may be 
started slowly and then run thiougli n succession of increasing 
speeds op to full speed. Fig. 80 ahciwd a Bullock motor con- 
nected to a Cottrell perfecting magazine press, and Fig. 81 
shows these motors coniK-oted to a Dumber of magazine presses in 
the pres8t«M>ra of Muturjf'i Maifiuine. 

Fig, 82 shows the Lundell 6-pole single field coil medium- 
speed motor inanufactm«d by tlie Spragtie Electric Co. It is 
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Fig. 7^ nmiock Uolor ApplloAiioo. 

made in sizes of from 10 to 60 H. P. and runs at speeds of from^ 
600 to 950 R. P. M. The field frnme is cast in two pieces, the pole 
pieces being cjist together with the ynfce. The benrbiga are self- 
aligning and self-oiling, and are supported by linickets secured to 
the pole fiame of the motor. These motors aie semi-eu closed, the 
commutator being exposed and accessible fur inspection. 

A feature of these machines is the diviiiion of the field frame 
into two symmetrically placed liiilvea bolted together in a vertical 
plane. The bearing pedestals are removable, and the two halves 
of the field frame may be moved out sldewai/g for dismembering 
the machine. These motors are ordinarily wound for 115, 230 
and 500 volts, but are also wound for any special voltage. 
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Fig. 83 shows tlie .Lundell round-type miitor with self- 

igniiig and self-oilitig bearinga, with eiile doors fitted to the 

wnings in the frame on the cninmutatoi- end, making the motor 

vrhollj enclosed if so desired. Motors of tlie same cIhss are also 

Biide for slow speed, specially adapted for driving printing-presses 

laUid similar mociiinery. 

High and low speed direct current motors are manufactured 
the Triumph Company as follows: Fig. 84 shows the 
iTriumph slow-epecd direct-connected motor, and Fig, 85 shows 




leveral important applications of the Triumph motor. A small 
Triumph motor, intended for use in places where the motor ia 
expoiied to diisl and dirt, is seen in Fig, 86. It is encased in a 
CHBt^iron frame, but llic commutator may he reached by removing 
the doors. These doors, if desired, are perforated with numbers 
of holes pt'ovided for ventilation, & fine screening being fastened 
inside the door to prevent the ingress of dirt. This motor may 
^ be bolted to floor, wall or ceiling. 

Triumph machineB aie characterized by field frames of soft 

ist iron and laminated pole pieces built up of sheet iron and oast 

;ded into the frame. The pole pieces are fitted ^vith cast>-iron 
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'■boM,** tbe bon» being shiped to giT? a nntsble magnetic field 
Field fraiwtt •(« dividnl TecOBBilj ia aoan "■***-'— ° and bomon- 
tallj in otfaen. Tin field tsoib an wpBatelj woimd on fornif 
and alipfMl into po Mt k ut upam the pole pieoca. Tlw annaturat 
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are imihclail with I itninsted cores and are of the toothed type. The 
slots are iusi)lale<l by troogha of faUerfanud, uiea and paper. 
CchIs are held in poshton by wooden ««dges withoot bindit^ 
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vires. The lover half of the field frame and the pedestak aro 
made in oiie casting, an anan^ment wiik-h gixes accurate center^ 
ing. Annatares are bar wound and so constructed as to allow 
free circulation of air. 
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Fig. 87 shows the Western enclosed motor suspended from 
the ceiling and arranged for transmission of power by belt and 
pulley. The bearings which support the countershaft are spcui'ed 
to the EQotor by brackets bolted to the frame of the motor. By 
frhifting the position of these brackets the countershiift may be 
swung completely around, so as to hang directly beneath the 
motor or at the extreme right-hand side. The hirge gear-wheel 
will, of course, riMuaiii in mesh with the pinion carried by the 




armature, whatever [)OBition the couittershaft may occupy. This 
appears lo he ii vt^ry Viiluable anuiigement, giving thu motor 
unusually extended lange of adjustment. 

Fig. 88 shuws tlie Fort Wayne O-pole belted motor. The 
frame and right-hand beaiing are cast in one piece, of the best 
quality of ii-on. Tlie pedestal upon the pidley end of the 
shaft may be unbolted and the armature may then be slipped off 
for repairs. Tiie construction shown gives very great rigidity. 
These motors run from 300 to f!00 K. P. M. 

Fig. 89 shows the Commercial Electric Company's "iron- 
clad" moderate-speed motor. These machines are designed to 
give the best possible protection to the motor windings when the 
liiae is exposed to the weather or to a dust-loaded atmosphere. 
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The caaing has Iftrge doors or panels wliicb ni:iy be opened feu 
iospectmg the interior. 

Commercial motors are also madu to hang from the ceiling 
(See Fig. 90.) This rnotfir runs on elide rods, by means of winch 
the belt may be adjiisied. 



-. V 'I 



Fig. 91 shows a large-size Commercial miiUiiiolur motor for 
belt diiving. 

C & C niotora are shown as follows. The special C & C 
motor wliieh <niiy Iw wolirnl for a variety of sgieeds and capacities 
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is seen in Fig. 92. Tf the motor ia deaired for exoeptionally 
itoM' speed, it is wound with two cuminutiton) and double anna- 
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machine took together and running them by a single motor it is 
possible to obtain a much more uniform lo»d for the motor, as the 
chances are that one tool might be running light while another 
was heavily loaded, and so on. 

Ttie Northem Electrical Manufacturing: Company mann- 
&ctares an excellent line of motors for direct and indii*ect driv- 
ing. Ty{>es of these motors &re illustrated in Figx. 95, 96 and 
97. The motors shown in Figs. 96 and 97 are of the enclosed 
type, but in Fig. 96 may be seen a ventilated shield or cover for 
tlie commutator and brushes through which a supply of air circi> 
lates. Motors designed for direct connection, as we have said, are 
highly desirable in the larger sizes, because of their superior efli- 
ciency. In the veiy small sizes, the direct connected tj'pe is also 
extremely convenient because of its compactness and the absence 
of noisy gear-wheels. 

Fig. 9a shows a particularly attractive design for direct 
connection. 
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RAILWAY nOTORS. 

The modem trolley car is nsually of very heavy construction, 
carries heavy loads and must make long continuous runs at high 
Hpeed. The motors occupy a cramped position iiiuler tin; body of 
the car, are exposed to the hai'dest conditioiia from dirt and water. 




md ventilation is greatly intei-fered with by the requirements of 
compact design. Yet the motor must run fairly cool at ordinary 
loads and must stand very heavy overloads for a short time. 

Modern railway motors meet these difficult conditions admir- 
ably; a complete breakdown of the insulatioa b very rare and 
mechanical injury is well guarded against. Whereas a few yean 
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ago a 25 H, P. car motor was considered large, the recent designs 
1 up to 150 H. P. In fact tliere are now in use electric car 
motors running up to 250 H. P., four of these being used upon 
a single large car on one of the European electrical roads. 
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These motore are, however, of the " induction" tjrpe, and are 
discussed in "Alternating Current Machinery." We beliere that 
150 H. P. is about the maximnm size of direct ctnrent car motor 
thus far introduced into regular service. 

Fig. 98 shows a General Electric (GE^73) railway motor. 
I The axle runs through bearings bolted to the main casing of the 
Lmotor; the gears are encloaed as shown at the riglit-hand end of 
■the cut; the motor frame is a single casting, carrying four poles 
^attached to its inner face by bolts. This construction Is widely 
[Itpproved of, as it gives a compact, strong motor. In order to 
^tamove the armature it is necessaiy to uiilK>lt the armatuie bear- 
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' ings, aft«r which the armature may be slid out endwise. This is 
I a difficult matter and necessitates removing the motor from the 
truck. Repairs, however, are rarely necessary with a motor of 
such strong construction. 

Fig. 99 gives a rear view of the same luotor. The various 
leads are seen introduced into the casing, all connections being 
•nade inside. Access to the interior is obtained by means of the 
various lids and handholes which the motor carries. The pinion 
Been in this illustration is carried upon the armature shaft, the 
gear-wheel with which it engages being carried upon the car axle. 
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Sucb a motor is practically dust and rooisture proof. When nw- 
QiiifT under suitable conditions the lids are left open for ventila- 
tion, although the motor is designed to ruu without excessive 
heating in ordinary use. The motor shown has a rating of 7-^ H. P.. 
based upon a rise of 75° C. during one hour's run at full loiid. 

Fig. 100 shows the Westlnshouse No. 56 railway motor 
which rniis up to 100 H. P. It runs on interurbau lines where 




it must operate continuously for long periods. The motor is 
enclosed in a steel casing, but although ventilation is restricted 
the motor runs comparatively cool. Fig. 101 shows the motor 
opened up by means of hinges cast into the casing, the main 
casing being in two sections. In this illustration the pole pieces 
are seen surrounded by the field coils, and an excellent view of the 
armature windings, commutator, bearings and pinion is obtaiaed. 
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Motore of tluB design are almost perfectly dust and moisture proof, 
but will not endure complete submergence in water. 

In railway motors tliere must be as stated before a consid- 
erable overload capacity, to meet the requiiementa of starting 
under heavy load, and for climbing grades, etc. It is fiist-chiss 
practice, if a motor haa a continuous capacity of 50 amperes, 
to piovide for a current of 100 amperes for 15 minutes, or a loud 




P 140 amperes for 5 minutes, nr (JO amperes fur one hour and 
twenty-five minutes. This is the specification of the Westing- 
linuse No. 56 motor, based Ujion a maximum temperature rise 
of 75' C. 

Fig. 102 shows a Westinghouse No. 49 motor which is 
designed for medium-speed city and suburban service. It carries 
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four laminated pole pieces cast welded into the yoke or casing. 
The two halves of this casing are hinged together and may be 
opened up for inspecting tlie interior or removing the armature. 
Such motors may be rejmired In position upon the car. The 
armature ia slutteil, carries ventilating ducts and is wound with 
light binding wires. 
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ELECTRIC LOCOnOTIVES. 

Electric power is now applied extensively to mining opera- 
tions, for hauling the ore cars, operating the pumpa, and in fact 
running all the machineiy of the ])lant for mining and milling 
ores. The development of mining properties in which low grades 
of ore are handled lias made it necessary to economize in the run- 
ning expenses of the plant in. all possible ways, and in substitut- 



bg electric power for mules in hauling cars a very surprising 
nving is effected. 

Fig. ] 03 shows the General Electric mine locomotive oper^ I 
ftted from an overhead trolley, and Fig. 104 shows end views of | 

K'nilar locomotives. 
In moflt iniiie passages there is very little head-room and it 
ill be seen in the figure that the locomotive is of unusually low 
design. In fact, the maximum height of such a locomotive (not 
including tlie trolley pole) is in many cases not more than 36 
inches, and mrely exceeds 50 inches. 

The Incomntivi' in cnntmlled from the opfratirig platform at 



one end, where the operator sits. The equipment of the locomo- 
tive is similar to that of a trolley car. In addition to the motors 
there ai-e the usual controller, rheostat, ete. 

EMine loe.oniotives are generally designed to run at speeds of 
1 6 to 8 miles per hour. As the track gage is in most mines 
tremely narrow (usually about three feet), and as the locomo 
tive is of very limited height, it in evident that there can be bnt 
little room for the motors and their suspension gear. By skilful 
BUgiiing, however, it has been found possible to construct mine 
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locomotives in wliich the essential features of firstrclass atreet 
railway power equipment are preserved. Such locomotiTes run 
cool, are easily controlled, and highly efficient in operation. 

Fig. 105 shows the Bullock electric locomotive and crane car 
for Uflo on surface lines. It is equipped as a locomotive, capable 




of luLiidling figlit loaded freight cam on u luvel track. It is pro- 
lK*lK'd l>y two motors, one on each axli-, wound lor any rle»ircd 
volUigo. The illustration shows two trolley poles, with trolleys 
muning on two wires, thus iivoidiug the necessity of grounding 
the circuit. This practice is common whore Uio electric locomo- 
tive IK nsed in connection with factories, Uie circuits of which it 
would be undesirable to ground. 

Tilt- locomotive i» of heavy conatruction, tlie oxtm weight 
being useful as a counterbiilnnco for tlie crane. The wheel base 
18 9 fevt long, and 3S-inch milroad car whi»vU are used. 
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The above are tnodem American types of g«uerators a:iil 
motors for miscelluneous direct current work. The reader should 
bear in mind that the types here shown are representative, and 
are intended merely to ^ve a gvneral idea of contemporary prac- 
tice. There are very feiv classes of mechanical work in which 
special motors are not now constructed. The number of these is 
accordingly very targe, and it would be impossible in a book of 
tiiis character to describe all of the special designs of motor and 
generator which are now vtn the market. Two most important 
classes of work are elevator and automobile service. 

The automobile motor ia in effect a miniature railway motor, 
of the enclosed type, and operated from a battery of 40 or 44 
storage cells. It ranges in size up to 6 H. P, as made by 
the foremost manufacturers, and the larger automobiles fre- 
qoently carry two such motors, one for each of the two rear 
wheels. Occasionally mntom are imed upon the front wheels. 
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Motors of this cIa,B8 are as yet too new to ehow Btatidard practice, 
although a number of Eatisfactoiy mukes are now in practical use. 
The next few years will probably show great advance in this line 
of work. 

The electric elevator motor is now in very extensive mbo, 
both for operating elevators through rope driving gear and alac 
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for pumping water for liydraulic elevator machinery. Elevator 
motors are of the most substantial construction and ai-e 
equipped with controllers having a large range of speed adjiist- 
raent. Crocker-Wheeler elevator motors are supplied with an 
autODiatic band brake, which appears to be a highly valuable 
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windings, gives out a current of (in the case cited) 110 volts. 

The dynamotor manufactured by the Western Electric Co. 
is shown in Fig. 106. A machine of this class is cheaper, more 
compact and of less weight than the motor-generator, and is als9 
slightly more efficient. The dynamotor, however, has this dis- 
advantage, that the secondary voltage — that is, the voltage oL 
the generator side of the machine — cannot be varied to any ex- 
tent except by introducing into one or the other of the circuits a 
certain amount of dead resistance. Also the generator side of 
the dynamotor will not have a constantly maintained voltage, 
owing to the resistance of the armature, and the machine cannot 
be wound to compensate for this change of E. M. F. On the 
other hand, the dynamotor will carry heavier overloads than the 
motor-genemtor. 

Fig. 107 shows the Western Electric Co.'s motor-generator, 
or as this company styles it, the "Twin Motor-Generator." This 
machine has an advantage over the dynamotor inasmuch as it can 
be compounded to maintain a voltage on the generator side that 
will be constant, or, if required, to give a generator voltage that 
will rise in proportion to the load. In the twin motor-generator, 
moreover, the motor and generator circuits are insulated much 
more effeetively than in the case of the dynamotor, in which the 
insulation depends upon wrappings between the two armature 
windings carried upon tlie same core. It is evident that there is 
very little essential difference between the dynamotor and the 
motor-generator. Sonu^ manufacturers show a preference for one 
design, and some for the other. 

Boosters. A niacliine of the general class of dynamotors 
and motor-generators is the booster. It is in effect a motor 
driven usually from an electric light circuit and driving a 
separate generator mounted upon the same shaft. The voltage- 
of such an electric light line usually falls off considerably at 
points distant from the station, and the purpose of the booster is 
to raise the voltage of the line up to standard at points where it 
shows such a falling off. Accordingly the generator portion of 
the machine is connected with the electric light circuit in such a 
way that its voltage (which is sufficient to compensate for the 
amount lost by the line) is added to the E. M. F. of the circuit 
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GENERAL DISCUSSION. 

It has been shown that l)y means of a generator mechcanieal 
energy is converted into the electrical form of ener^-y. An electric 
motor is the reverse of this, that is, it converts electrical energy 
into the mechanical form of energy. 

Fundamental Principle. We have learned that when a con- 
ductor which forms part of a circuit moves so as to cut lines of 
magnetic force, a current passes in the conductor, this being tlie 
principle of the generator. On the other hand, if a current of 
electricity passes through a conductor at right angles to lines of 
magnetic force, the conductor tends to move so as to cut them. 
This will be made clear by considering Fig. 1. The dots repre- 

A 



•1 



1 
fc 



B 



Fig. 1. 



sent lines of magnetic force, their direction l)eing upwards through 
the paper. C represents a conductor that is movable on the rails 
A and B wliich form part of the circuit. The current flowing 
through C causes it to move along the rails to the right or left 
according to the direction of the current. This is the fundamental 
principle of the motor. 

Thus we have a means of imparting mechanical motion to a 
body at the expense of electrical energy. 
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Direction of flotion. A simple method of obtaining the 
direction of motion when the direction of the current and of the 
lines of force are known, is by means of Fleming's rule. In finding 
the direction of the current in generators the right hand is used. 
In finding the direction of motion of motors the left liand is used. 
The thumb, forefinger, and middle finger of the left hand are held 
at right angles to each other ; then if the forefinger shows the 
direction of the lines of force, and the middle finger the direction 
of the current, the thumb will show the direction of motion. 

By applying this rule to the case shown in Fig. 1 it appears 
that the motion of C will be to the right. If the current was in 
the opposite direction C would move to the left. If the directios 
of the lines of force was doAvnward through the paper, the direc- 
tion of cun*ent remaining as represented, (7 would move to the left. 
If both the direction of current and lines of force were opposite to 
that represented in Fig. 1, then by the rule it is evident that the 
motion of will still be to the right. 

Intercfiangeabllity of flotors and Dynamos. There is essen- 
tially no difference between a motor and a dynamo. In fact 
dj'namos usually may be run as motors or motors may be run as 
dynamos. If a current is passed through tlie armature of a dynamo 
we have the conditions for a motor, and the armature will rapidly 
rotate. 

In view of these facts it is e\'ident that nearly all that has 
been said in regard to generators, applies equally well to motors. 
Therefore in this section it is only necessary to consider the special 
characteristics of the latter. 

Motion of the Armature. Fig. 2 represents a ring armature 
which is supplied with a current of electricity from some external 
source. The direction of the lines of force of the field is from 
right to left. The direction of the current in a ring armature 
should be taken as that in the wire on the outside, because the 
wire on the outside of the ring cuts a greater number of Lnes of 
force than the wire on the inside of the ring. Nearly all lines 
pass through the armature core, as in Fig. 3. 

Considering the right-hand half of the ring we see that the 
direction of the current in the winding on the outside is downward 
through the paper. By applying Fleming's rule, using the left 
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hand, it is Been that the rotation of the armature will be left- 
handed. Now considering the left-hand half of the ring (the 
current in the winding on the outside being upward through the 
paper) the rotation of the armature is found to be left-handed. 
Hence each half of the armature causes a left-handed rotation. 




Ftg. S. 

Reversal of Rotation. By reversing either the direction of 
tiie lines of force or tlie direction of the annatiire current, the 
direction of rotation will be reversed. If both the lines of force 
and the current are reversed the direction of rotation will bo 
unchanged. These statements may be verified by the application 
of Fleming's rule to tlie different cases. 

Therefore, the direction of rotation of a motor aiTiiature may 
be changed by reveraing either the field of force or the armature 
current^ but not both. 

Oenerators Run as Motors. By applying Fleming's rule as 
to the direction of rotation of motor„ > is easy to determine in 
-what direction the armature of a generator will rotate when run 
as a motor. 

If a series generator is run as a motor the armature will 
rotate in the opposite direction to that in whicli it luis been driven 
because both the armature and field currents are reversed ; it is, 
therefore, necessary to reverse the brushes. If the originiil direc- 
titm of rotation is desired then either the armature or field ctm 
nectioDS mast be reversed. 
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The armature of a shunt generator will rotate in the same 
direction when run as a motor, because while the armature cur- 
rent is reversed the field current has the same direction as when 
run as a generator. 

The armature of a compound generator will have its direction 
of rotation reversed when nm as a motor if the series winding has 
a greater magnetizing effect than the shunt winding. The direc- 
tion of rotation will remain the same if the magnetizing effect of 
the shunt coil is greater than tliat of tlie series winding. This 
will be understood when it is considered that in the generator the 
field excitation is that due to the sum of the magnetizing effects 
of the shunt and series coils, whereas when run as a motor it is 
their difference. Of course reversing the connections of either the 
series or shunt winding would then cause the field excitation to be 
that due to their sum, the direction of rotation depending upon 
whicli connections were changed. If the connections of the series 
coil were changed the direction of rotation would remain as 
before ; changing the connections of the shunt coil would reverse 
the rotation. 

Counter Electromotive Force, We have learned that when 
a conductor moves across lines of magnetic force, an E. M. F. is 
generated in the wire, and that this is the fundamental principle 
of the dynamo. Now, when the armature of a motor is caused to 
rotate, by piissing a current through it, the veiy act of moving 
across the field of the motor causes the generation of an E. M. F. 
This Vj. ]\I. F. is opposed to that applied to the motor and is 
known as the count er E. ^I. F. 

The greater the speed of the armature, the greater will be 
this counter E. M. F., lus a larger number of lines of force are cut 
in a given time. Also the greater the counter E. M. F. the less 
will be the drop of potential in the arnuiture, for the effective E. 
^I. F. is reduced as the counter E. M. F. increa^.es. The stren^rth 
of the armature current will therefore depend upon the speed. 
When the armature is forcibly restrained from rotating, the cur- 
rent is at its maxinuim, being equal to the E. M. F. applied at the 
brushes divided by the resistance. On releasing the armature 
the strength of the current gradually decreases jus the motor comes 
up to speed. 
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Motor Equation. The drop of potential in a motor armature 
is equal to the applied E. M. F. minus the counter E. M. F, 
Hence from Ohm's law, we have, 

r 
where I is the armature current, E the E. M. F. applied at the 
brushes, e the counter E. M. F., and r the armature resistiince. 
This is the fundamental motor equation. 

From this equation it is evident that when e is small, that is, 
before the motor is up to speed, the armature current will be 
large. As the speed increases the counter E. M. F. is incrcjised 
causing the current to become less and less until at full sjx^ed the 
current is normal. 

Example. — The armature resistance of a motor is .54 ohm, 
the E. M. F. at the brushes is 215 volts, and the counter E. M. F. 
is 190 volts. What current passes through the armature? 

Solution. — By the motor equation, 

/= ~ = 4G.3 amperes (nearly). 

.54 

Alls. 46.3 amperes. 

Example. — If the armature current is 14.1 amperes, the 
voltage at the brushes 109 and the armature resistance 1.69 ohms, 
what is the counter E. M. F. ? 

Solution. — Substituting in the motor equation, 

109— e 
14.1 = — - — 

1.69 
e = 85.2 volts (approx.). 

Ans. 85.2 volts. 
The Distortion of Field which occurs in a dynamo is also 
present in a motor, being due to the fact that the lines of force 
of the armature field are nearly at right angles to those of the 
field magnets, the amount of distortion being dependent ujwn the 
relative strength of the two fields. 

In a motor the direction of the armature current and conse- 
quently the direction of its field is opposite to that in a dynamo. 
Tliia causes the resultant field of a motor to be as represented in 
Fig. 3. It is evident that the neutral points are shifted backwards^ 
whereas in the generator they are shifted forwards. This figure 



2177 



DIRECT OUBIUINT MOTORS. 



should be compared with the corroBpondihg one for a dynamo^ 
Fig, 29, in the section devoted to Theorj/ of Dynamo-dBetrie 
Maehi-Mry. Hence, to place the brushes at the neutral point of a 
motor tiiey are shifted in an opposite cUrection to that of rotation. 
The gteater the armature ooirent 1^ greater will be tiie distor- 
tion of field, and tlie more the hroshee most be shifted backwards. 

If the field mt^ets are made very powerful as compared 
with the armature, the distortion of field will be very slight or 
will be practically absent. In that case the hmshes need not be 
shifted for variations in the load. 

As seen in Fig. 8 the density of 1^ lines of force is greater 
at the horns A, which the armature is appronching, than at the 
horns B, from which it is receding; consequently the induced 
Foucault cunents and the heaUng will be greater in the home A^ 




A ' B 

Fig. 8. 
while in the gencra.tor the heating is greater in the horns from 
which the irmature is receding. In tlie case of the motor the air 
current tends to equalize the difference of temperature between 
the horns A and 5, because cool air is drawn in at A and ejected 
somewhat warmer, at B ; whereas in the generator cool air is 
drawn in at the cooler home which tends to increase the difference 
of tcmijeratiire. 

Efficiency. The commercial efficiency of a motor is equal to 
the actual output divided by the actual input, or 

. , a: • output 

commercial efficiency = — C — , 

tnput 
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Or commercial efficUncy = '"P"f - ^^««^» . 

input. 

The losses in a motor may be given under two heads : 

The electrical losses, 

(a) Armature wire I^ R loss. 

(J) Field wire I^ R loss. 

The stray power losses, 

(c) Friction of bearings. 

(rf) Friction of bmshes. 

(«) Friction due to air resistance. 

(/) Waste currents in coils during commutation. 

(jf) Foucault currents in armature core. 

(A) Hysteresis in armature core. 

(i) Foucault currents in armature wire. 

(/) Foucault currents in pole pieces. 

The electrical losses in the field and armature windings are 

due to the heating of the conductors by the current flowing 

through them. This loss as we have learned varies directly as 

the square of the current and as the resistance, that is, as /2 R. 

The stray power losses are small when considered sepanitely, 

excepting friction of bearings, but collectively they usually amount 

to as much as the electrical lasses. The stray power losses are 

practically constant for any load. 

The electrical efficiency is the efficiency of the motor when 

only the electrical losses a and h are considered. This may l)e 

expressed as the input minus the electrical losses, divided by the 

Input, or 

, - . 7 /*. . input — electrical losses 
electrical efficiency = — *- . . 

input 

The electrical efficiency, therefore, only indicates the amount 
of the electrical losses and does not take into account the stray 
power losses. 

The efficiency of conversion or gross efficiency of a motor is 
the ratio of the output to the uselul electrical energy or to the 
input minus the electrical losses, that is, 

gross efficiency = -; ?-^ . 

input — electrical losses 
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The gross efficiency, therefore, takes into account only the stray 
power losses. 

When no efficiency is specified, the commercial efficiency is 
understood. 

The commercial efficiency of small motors ranges from 6f ^ 
to 75%. Motors of from three to ten horse-power have efficien- 
cies which range from 75% to 85 %. Larger motors should have 
an efficiency in the neighborhood of 90 % . 

Example. — A motor has at its terminals an E. M. P. of 220 
volts, and takes a current of 26 amperes. The output is 5.94 
horse-power ; what is the efficiency of the motor? 

Solution.— Input = 220 X 26 = 5720 watts. 

= -j^ = 7.67 H. P. (approx.) 

Efficiency =^ = -774 + or 77.4 + % 

Ans. 77.4 + % 

Siemens* Law of Efficiency. This law is as follows : The 
efficiency of a motor is equal to the ratio of the counter E. M. F. 
to the applied E. M. F. 

This law assumes that the only loss existing is that ?n the 
armature wires, or 7^ ^^ where /is the armature current and r the 
armature resistance. Hence it is assumed that there are no stray 
power losses, and also that we have a magneto motor. 

The proof of the law is as follows : 

^ca ' input 108869 

Efficiency = — ±— _ . 

inptU 

Input ^ £ L 

Losses z= P r. 



Hence, 



EI P r 

Efficiency = — — 

E— Ir 



By the motor equation 

/ = ^~^, then Ir =L E — e. 
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Therefore, 



That is, tlie efficiency is equal to the counter E. M. F. divided 
by the applied E. M. F. 

Hence the gi-eater the countei- E, M. F, the liigher the 
e£Gciency of the motor. If the counter E, M, F, could become 
«<qaal to the applied E. M. F,, the efficiency would Itc equal to 
unity, or 100 per cent, but in that case no current would pass in 
the armature and consequently there could lie no output. 

Jacobi'5 Law of Maximum Output. Tliis I:lw may be stated 
as follows : The maximum amount of work i» done by a motor 
when the speed is such that the counter E. M. F. Ls one-lmlf of that 
applied to the motor. 

The proof of this law ia most easily understood by the aid of 
% diagram. Fig. 4 represents a square having the length of the 
side equal to S, the applied E. M, F. 
The distance A £ is equal to e, the 
counter E, M, V. Tlic diagomd ia 
drawn from A, and the liomontul from 
^ — I I B. At the point whore this crosses the 
I IJ diagonal, a vertical ia drawn. The dis- 
? I tancQ 5 C is evidently equal to E — e. 
\ ! The input is equal to E 1, and aa 




input— EI = 



£(.£->) 



Tba oatpat is equal to the input minus the losses, that is* 

_ ^(g-.) ._ 5 ^-. >t. 

_ 2ni: — e-y -{£ — ,)' 

T 

g(j;_e) 
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In these valaes of output and inpot a constant, r, appears in 
the denominator of each, therefore the relaticm of the output and 
input will be as the magnitude of the numerators. That is, we 
may represent output hje (JS — e), and input by £ (J? — e). 
Referring to the figure, it is evident that the area of the rectangle 
output is equal to e {E — e) ; that of the rectangle input is 
equal to E (jE* — e). 

Now if in Fig. 4 the counter E. M. F. is decreased the output 
will increase until it becomes a square, and will evidently then liave 
a maximum value as shown in Fig. 5. The counter E. M. F. Ls then 

one-half the applied E. M. F. Hence 
the maximum amount of work is done 
by a motor when the counter E. M. F. 
is one-half of that applied. 

When a motor is doing a maximum 
amount of work the value of the current, 
as found by the motor equation, is one- 
half of that which would pass when the 
motor is at rest, that is, when no counter E. M. F. is generated. 
It is evident from Fig. 5 that when the output is a maximum 
it is equal to one-half the input, consequently the efficiency is then 
50 % . This is also seen to be true from Siemens' law because e 
is one-half H^ hence the efficiency is equal to 50jg. 

On account of the assumptions which must be made in the 
proof of these laws they are not strictly followed in practical 
machines. 

Torque. The torque of a motor is its tendency to turn. It 
is usually expressed in pound-feet, and is equal to the pull in 
pounds exerted at one foot radius. 

If it is known that a certain number of pounds pull is exerted 
at the circumference of a pulley whose radius is known, the torque 
is obtained by multiplying the pounds pull by the radius in feet. 
On the other hand, if the torque is known the pull at any radius 
is foimd by dividing by the radius. 

The number of foot-pounds of work done by one revolution 
of a shaft is equal to the torque multiplied by 2 tt, for 2 tt is the 
circumference in feet of a circle of one foot radius, and torque is 
the pounds pull at that distance, hence the product of the pounds 
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pull and distance through which it nets gives the work done. If 
there are n revolutions per minute, the foot-pounds of work done 
per minute will be 2 ir n 7^ where T is the torque ; hence tlie 
horse-power will be 

H P = ^^" ^ 
■ •■ 33,000 ■ 

If the horse-ix)wer and number of revolutions are known, the 
torque may be found from the formula 

y^ H. P. X 83,000 
2Vw ' 

It the torque and the liorse-power are known, the number of 
revolutions may be found from the formula 
H. P. X 33,000 

" = 2VT 

In a given armature, the torque varies directly as the product 
of the field strength and armature current, or 

T varies ag fl 
where I* is the torque, / the field strength, and / the armature 
current. That is, if the field is kept constant the torque will vaiy 
directly as the armature current, and if the latter is kept constiint 
the torque will vary directly as the field strength. 

ricasurement of Torque. The Prony brake maybe used to 
measure the torque of a motor. Tlie arrangement is shown in 
Fig. 6. P IS a pulley on tlie armature shaft ; the blocks A and 
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bear against the face of the pulley the pressure being regulated by 
the wing-nuts e The lever L wliith is cl;imi)ed to A, is counter- 
balanced by the weight w. The weight W which is supported by 



14 DIRECT CURRENT MOTORS. 



the lever has such a value as will keep the lever horizontal when 
the pulley is rotating. 

To find the torque at a certain speed or when the motor take 
a certain current, the pressure on the pulley is adjueted until th 
speed or current is that desired. The weight Wis made to balance 
the tendency of the lever to turn. The torque is then found \r, 
multiplying the measured distance It in feet, by the weight TTin 
pounds. 

Example. — In finding the output of a motor the distance R 
was 2.5 feet, the weight TTwas 12.4 pounds, and the number of 
revolutions of the motor was 1,400 per minute. What was the 
output of the motor in horse-power? 

Solution. — Torque = 2.5 X 12.4 = 31. pound-feet. 

27rn T 



H.P.= 



33,000 
2 X 3.142 X 1,400 X 31 



33,000 
= 8.25 + Ans. 8.25 + H. P. 

Example. — What pull at the rim of a pulley 10 inches in 
diameter will be given by a 6 H. P. motor running 1,200 revolu- 
tions per minute ? 

Solution.— J, ^ H. P. X 33,000 

2 TT W 

In this case H. P. = 6. n = 1,200. 
Therefore 

6 X 33,000 
^ = 2-XX 142 X 1,200 = 26-2 + pound-feet 

But T = pounds pull X radius in feet 

= pounds pull X iV 
Therefore pounds pull = 26.2 X -^ = 62.7 lbs. (approx.) 

Ans. 62.7 lbs. 
Speed. To arrive at a general expression which will show 
upon what factors the speed of a motor depends, we shall make 
use of the motor equation, 

r 
Let » represent the speed of rotation, a the number of con- 
ductors on the surface of the armature,/ the field strength, and k 
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a constant As the E. M. F. generated by an armature moving in 
a field depends upon the speed, number of conductors, and strength 
of field, the counter E. M. F. of a motor will be equal to 

e = 8 af k. 

Substituting this value in the motor equation, wo have 

= — or Ir = E— Bafk^ 

r 

F — - 1 r 
therefore % afk = E — /r, and « = _ ' 



afk 

The armature resistance of a motor is usually very small, 
hence the product Ir would be small and may be neglected. 
Therefore the expression for speed may be written 

E 



% = 



afk 

From this expression it is evident that the speed varies 
directly as the E. M, F. applied at the brushes if the number of 
armature conductore and the field strength are constant. An 
increase in E causes a greater current to pass through the arma- 
ture, which, acting upon the same field strength, causes an increase 
of speed, provided the torque exerted is kept constant. 

If the number of annature conductors and the applied E.M. F. 
are constant, the above expression shows that the speed varies 
inversely as the field strength, that is, if the field is weakened the 
speed is increased or if the field is strengthened the speed is 
decreased. This is true for if the field is weakened the counter 
E. M. F. generated by the motor will l)e less allowing a greater 
current to pass in the armature. This will tend to increase the 
torque but if that is kept constiint, the speed will increase, a higher 
speed being now required to generate the same E. M, F. as was 
the case when the field was stronger. 

If the field strength and applied E. M. F. are constant, the 
speed varies inversely as the number of armature conductors, that 
is, a decrease in the number of armature conductors increases the 
speed. If a reduction is made in the number of conductors the 
motor must evidently run at a higher si>eed in order to generate 
the same counter E. M. F. as before, the torque being kept 
constant. 
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Windings of ilotors. As in the case of a dynamo the oom- 
roon windings of a motor are shunt field winding, series field wind- 
ing, and compound field winding. 

The motor may be supplied with electrical power at a con- 
stant potential or the current may be constant. 

SHUNT MOTORS ON CONSTANT POTENTiAL CIRCUITS. 

Torque. As the torque of a motor with a given armature 
varies as the product of the armature current and field strength, 
if the field strength is constant the torque will vary directly as 
the strength of the armature current. The shunt motor on a con- 
stant potential circuit will ha^e a constant current passing through 
the field coils, consequently the field strength will remain constant, 
and the torque will vary only as the strength of the armature 
corrent. 



OS 




T'ig. 7. 



Tins is represented by the torque curve in Fig. 7. In this 
plot tho abscissae o a^ o by etc.y represent the torque and the 



2fi^^ 



DIRECT CURRENT MOTORS. 



17 



ordinates o a^, o 6^, etc.^ the armatuie current, that is, when the 
torque has a value represented by o a the corresponding value of 
the armature current will he o a^. It is evident that from o to 
the point x the plot is a straight line, an increcosc in the armature 
current causing a proportional incre.osc in the torque. Beyond 
point X the line is curved this being due to distoition of field by 
the large armature current. Here a considerable increase in the 
current as <?j d^ produces but a small increase c d in the torque. 
A good machine should not have much distortion of field at or 
under normal load. 

Constant 5peed. The speed of a shunt motor on a constant 
potential circidt is practically constant for any load. 



SPEED 
Fig. 8. 

This is seen to be true from our approximate expression for 

speed, 

E 



8 ==■ 



af k 



For since E is constant, / will be constant, and in a given arma- 
ture a will be constant, therefore % will have a constant value. 
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As a matter of fact the speed will fell AigMy as Hie toiqae 
incTOttseM. An increase of torque oauMs tiie fffmaton cnrrent to 
be greater. As the applied £. M. F. is oonatant the increase in 
the armature oiurent can only ocoor 1^ decreasing the oonnter 
E. M. F., this being evident from the motor equation, llien if a 
decrease in the counter E. M. F. is necesBary the speed must be 
sligli^ leas. 

Inis is represented in Fig, 8, vbich shows a gradually fil- 
ing speed as the armature current is increased. In the figure, aa 
indicated, the abeciseae represent the speed, and the ordinates tlie 
annatuie current 

There are many methods of varying the speed of a ahunt 
motor, all of wluch depend upon the variation of E. M. F. applied 
at the brushes, variation of field strength, or variation in ths noBa- 
ber of armature conductors. We will consider these medioda in 
detaiL 

Variation of B. n. F. at the Brushes. We have aeon that 
the speed of a motor varies directly as the E. M. F. i^pGed at 
the hruahee. 

If a resistance is connected in series with the annatoEB ttmi 
will be a certain number of volts lost \sj the aipnatiire onmot 
passing through this resistance, consequently the voltage at Qie 
I bnishes will be less and the speed de- 




Tfais method is illustrated in 
Fig. 9, the resistance R being inserted 
in the armature circuit The comma- 
tator is represented by 0, and the shunt 
field windings by F. The greater the 
resistance inserted the leas will he the 
speed. 

Problem. — Suppose a shunt motor 

is to be used on a 220 volt circuit the 

current taken by the armature at foil 

— . load being 16 amperes and the speed 

\ 1,000 revolutions per minute. It is 

desired that the motor should run at } 

speed when the torque is | of that at 

fall load. What resistance £:, is it then necessary to insert in 

the armature circuit? 
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Solution. — Here E = 220, the normal current 1 =* 16, and 
tiie speed » = 1,000 revolutions per minute. 

We have seen that the expression for the speed of a motor is 

E—Ir 
•" a/A ' 

»nd, as only the voltage J? is to be varied, the denominator afk 
is a constant. Hence the formula may be written 

E—Ir 



s = 



constant 



As the resistance 12 is in series with r, and as r is very small 
Tre can neglect it. With R inserted the formula becomes 

F—IR 



8 = 



constant 



The value of the denominator is easily found, for, when B 
is cut out of the circuit, J 12 = 0, and the speed is normal being 
1,000 revolutions. Substituting these values in the equation we 
have 

1,000 = ^^Q-Q 

constant 
constant = .220. 

Hence 

E — IR 

.220 ■ 

The torque is to be | of that at full load, and as the field 
strength is constant the torque is decreased by decreasing the 
armature current L Hence at | torque the current will be | of 
that at full load or | X 16 = 12 amperes. The speed is to be 
^ X 1000 = 500 revolutions per minute. 

Substituting these values in the preceding equation we 
obtain 

600 = 220^11^. 
.220 

Therefore 12 = 9.17 ohms nearly. 

Ans. 9.17 ohms. 

The above method of regulating the speed of a shunt motor 

b the one most largely used, being simple and perfcK^tly controlling 
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I the fiiii-oil at all loads. It lias the diaadvantiige, liowever, of pooi 
. economy, because the energy lost as hent in the reeistauco is con- 
uderable, l>eing equal to I^M. 

The resistance used for starting the motor (see page 24) 
must not be used for regulating the speed in the above way. The 
J starting resistance is usually very compact, and has a relatively 
small surface exposed to the air. It does not heat much during 
the short time required for starting, but if allowed to carry the 
^ armature current continuously it is liable to burn out. Regulat- 
ing resistances are often made of zigzag stripe of ii'on, insulated 
r with asljestos, and exposed as muc-h as possible to the air. 
t- Variations of Field Stren^fth. It hiis Iteeti shown that an 

I increase in tlie s^Kicd of a motor is obtained by weakening the field 
strength, and that a decreased speed is obtained by increasing the 
Qeld strength. 

A simple and much used method of varying the field stren^^h 
is the insertion or cutting out of resistance in the field circuit. 
This will change the current passing in the field coils and cnnse- 
quciitly the magnetisation of the fiehl iiiisgnets. J 

Another method of eJianging thf ma^uctizhig force Is by Lay- " 
ing part of tho field vrindings of German silver, and by catting 
them in or out, the field strength is varied. As German silver has 
a high resistance the addition of these coils increases the resistance 
in greater proportion than the number of turns, so decreasing the 
ampere-tuma. This method allows a moderate variation in speed, 
is easily operated, and is not expensive. 

The objections to any method of regulating the speed by vary- 
ing the field strength are : 

1. If the speed is decreased the torque remaining constant, 
the motor gives out less power but requires at the same time an 
increased expenditure of energy in the fields. 

S. It is customary in order to get the full power of a mo'or, 
to have the field magnets at or neai- the point of saturation at 
normal speed. But if it is desired to run the motor at a slower 
speed, the fields must be below their point of saturation at normal 
speed, since to decrease the speed the field strength must be in* 
creased. Hence at normal speed the fields are not worked to tfaeii 
full capacity, aud the full power <^ ^ motor is not utilized. That 
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is, the motor J8 larger than it otherwise woald be, which means 
additional expense. 

3. When the fields are weakened to increase the speed, the 
armature current causes greater distortion of the field and spark- 
ing is greatly increased. 

If the resistance of the magnetic circuit is varied, the field 
strength will also be changed, and an increase of the magnetic 
resistance will cause an increase in the speed. This method of con- 
trolling the speed is not only usually difficult to apply but is also 
uneconomical. The magnetic resistance can be varied in three 
different ways : (a) the lines of force pjissing through the arnui- 
ture can be diverted through a movable piece of iron placed near 
the pole pieces, (ft) the length of the air gjip ciin be varied by 
having the relative position of field magnets altered, and (c) the 
cross section of the air gap can l)e varied by changing the relative 
position of the armature and pole pieces. 

Variation of Number of Armature Wires. We have seen 
that the speed may be expressed approximately 

E 



8 = 



afk' 



If the armature is arranged so that every two wires can be 
connected in multiple the number of conductors will then bo 

equivalent to — - having — the resistance. This change ^vill 

cause the new speed s' to be double the speed s. For 

, H 2 U 



which is twice the value of «. 

If eveiy two wires are again connected in multiple the num- 
ber of conductors is—-, the speed then being 4 s. 

The same result is obtained in practice by changing two or 
more independent windings from series to multiple. These wind- 
ings may be on the same armature core, or on separate cores on 
the same shaft, each winding requiring a separate pair of brushes. 
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The same result may be obtained by coapliiig sepaiata motois to 
the same work. 

Fig. 10 represents the changes where there are four independ- 
ent armature windings or four independent moton. The separate 
oommutators are represented by tf,and field windings by/, the connec- 
tions of the latter being the same for all speeds. In case A the 
brushes, and hence the armature windings are connected in series. 




-i/m/m — mm — m/m — iwwiv- 



.-Rl 



B 





"^ 



->wmt — m/m — m/m — //i/m/h- 







F- 



-vvvvvvw — m\/m — ^wwi — ^vmw- 

Fig. 10. 

The number of armature windings being large the speed is small. 
In case B the aimaturos are connected in series multiple. The 
number of windings being then equivalent to I of the number in 
the first case, the speed will be twice as great. In case C, the 
windings are all connected in multiple, hence the speed will be 
four times that in case A^ and twice that in case B. We have, 
therefore, in case C full speed, in case B ^ speed, and in case A ^ 
speed. 

This method of regulating the speed is satisfactory in regard 
to efficiency, for, if a constant torque is exerted by the motors 
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throughout the above changes, the current taken by each motor 
will have a constant value. Hence in case B the current used 
will be twice that in case A ; but in the former case the speed is 
twice as great, and although the energy conaumed ia twice as 
much, the output is also double. Therefore tlie efficiency remains 
unchanged. Similarly the efEcienpy remains unchanged in case (7, 
The objection to this method is, of course, the use of several 
motois, which involves extra expense. 

Variation of Position of the Brushes. By shifting the 
brushes from the neutral point the speed of the motor can be in- 
creased. This will be underatood from Fig. 1 1, 




The neutral line is represented by X Y, and in the left-hand 
figure tlie brushes fij 5, are at the neutral point, the entire 
counter E. M. F. generated, that is, by the conductors from B^ to 
Sj, being effective. In the right-hand figure the brushes are 
shown shifted and in this position the effective counter E. M. F. 
ia reduced. In this case the counter E. M. F. generated by the 
conductors from 5, to X opposes that generated from X to B„, 
the effective counter E. M. F. being reduced to that generated by 
the conductors from J, to 5j, and likewise from ij to B,. For 
constant torque, however, the armature current must be constant 
when the field strength is not changed, tlierefore the counter 
E. M. F. must not be reduced. As a smaller number of conduct- 
ors are now available to generate the counter E. M. F., the speed 
of the motor must be increased. That li. by s)iifting the brushes 
from the neutral point the speed is made higher. 

This method is really equivalent to reducing the number of 
armature conductors. It has the great objection of causing ezces- 
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sivesparking and of being injurious to the commutator, brushes, 
and armature winding. 

Starting Reskstance. If a motor armature is restrained from 
rotating the current passing through it will be very large, being 

equal to — , since no counter E. M. F. is generated. This ex- 
r 

cessive current would damage the armature, hence it is necessary 
to have a large resistance in the armature circuit to make the cur- 
rent small while the motor is coming up to speed. That is, l)efore 
starting a motor, a large resistance should be connected in the 
armature circuit which is gradually reduced as the motor comes up 
to speed. 

In order not to have the armature current in starting larger 
than the normal current, the resistance inserted, jR, should he Rz=z 

E 

_-, where J? is the applied E. M. F. and I the normal armature 

current. For motors of more than 15 horse-power, however, R 

E 
should be greater than --. in order not to throw a heavy load 



suddenly on the driving dynamo. 




Fig. 18. 



Connections. The connections for a shunt motor on constant 
poteutiiil mains are shown in Fig. 12. From the niaias the con- 
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ductoTS lead to the double pole switch S, The fuses jP, made of 
an easily fusible metal, are placed on both lines to protect the 
motor from dangerous currents caused by short circuits. The 
fuses are of such a cross section that they melt when a current 
greater than the safe one for the motor passes through them, and 
so break the circuit. The starting resistance is jB, and is arranged 
so that turning the arm a will close the armature circuit inserting 
the full resistance 72, and then gradually reduce it until it is all cut 
out. The switch S is placed outside the other connections so that 
when it is opened they are entirely disconnected and may be 
bandied without fear of receiving a shock. 

Starting. After making sure that the arm of the starting 
resistance is in the position so that the armature circuit is discon- 
nected, the switch S is closed, and the fields then become fully 
charged before any current flows through the armature. The 
armature circuit is then closed through the resistance JK, and as 
the motor speeds up this resistance is gradually cut out. As the 
speed of the motor increases, the counter E. M. F. becomes greater 
and the armature current less, allowing the resistance iJ to be cut 
out. 

Stopping. In stopping the motor the switch Sis first thrown. 
After the motor has come to rest the arm a of the resistance is 
then turned to the pasition ready for starting. 

While coming to rest the motor runs as a generator and the 
field current is supplied by the armature. The direction of this 
current being the same as before, its strength will grad'imUif 
decrease as the motor slows down, thus allowing a ^rad?/aZ decrease 
in the field strength. 

If the armature circuit is broken first, then on throwing the 
switch S the field current is cut off abruptly, and the large current 
caused by self-induction produces a destructive flash at the switch ; 
moreover a very high potential is produced in the field winding 
and this is likely to pierce the insulation. Also for tliis reason 
the switch should not be thro\vn unless the motor is afterwards 
started. 

Reversing Motors. Motors are reversed in the direction of 
their rotation by simply changing the relative direction of the 
magnetic field and the armature current. This, as we have seen 
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IB accomplkhod l^ ohangiiig either the dixection of tha ■nnstora 
cmreiLt «r the field cnnent. The fonuar is tiia ntore oommon 
method. A motor which is to be ofton nraned shonld han 
powerfol field magnets so th3.t thtire irUl be pnoti«lIbf Jio distov- 
tion of the field, and no lead will be necossszy fijr tto bndiea. 
Otherwise the lead vonld have to be changed when the rotation^ 
is reversed. i 

Reversing Wbile RuniilaK> If tiis directioa of tlie ttrmatnrtfl 
corrent is revened while the motor is niiiniiig, then until tiuA 
annature comes to a stop and its rotation reveraeil, tlie counter! 
E. M. F. acts with the applied £. M. F. Tlita would caiue the . 
armatoie current to oe extremely large being equal to 

/= ^+v ^ 

r 
It is Uterefore necessary that a large reristanpe Jl. AaiaUL ba - - 
inserted in the armature circuit before tiis aorrent fa i 
Then before the armatore stops rotatiiig the cniiant will ba 

j_ ■»+• 
^+^ 

However, sa the direction of the armature onnent is now d 

and comparatively lai^, the armature is quickly brought tO'ioilt 

the current gruduiiUy decreasing as e becomes less and less. 

When e becomes zero, that is, when the motor has stopped. 

The motor now speeds up in tlie opposite direction, « grado- 
ally increasing but now opposing E. As the motor speeds up, S 
!b cut out, and the current becomes normal being equal to 
j_ E—e 
r 

Reversing the direction of the current in the field circitit 
does not produce so abrupt a change in the motion of the arma- 
ture, nor does its current become so excessively lai^. This is so 
hecivuse the field strengtli does not rise rapidly on account of self- 
induction and reluctance of the m^netic circuit ; the armature then 
has time to slow down considerably so that the additive e is small, 
and tlie current cannot become as laige as in the previous casa. 
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The reveraing of the field circuit however, causes severe sparking 
at the switch contacts as well as being likely to injure the field 
wire insulation. 

A motor should never be reversed wliile running unless in the 
most necessary ciuses, and then not without insei*ting in the arma- 
ture circuit the full resistance. 

Reversins^ Connections. In Fig. 13 is shown a common 

form of reversing switch. The two mettil bai-s -ff are pivoted one 
au a, and one at b, A strip Koi insulating material joins the two 





Fig. 14. 
bars. In the position shown the wire A is positive and B is nega- 
tive. When the bars are switched to contacts c and d hi the posi- 
tion indicated by the dotted hues, wire B then becomes positive 
and A negsitive. 

Fig. 1 4 shows the connections when a reversing switch S is 
inserted in the armature circuit of a shunt dynamo, the starting 
resistance being R. The reversing switch is sometimes combined 
with the starting resistance. 

riaximum Output of Shunt flotor. We have seen that the 
maximum output of a motor when the only loss considered is that 
in the armature wires, is obtjuned when the armature current is 

* = "5 ; that 18, when the strength of the current is one-lialf 

A T 
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I of that whieh would fluw if the RrmBture waw rcctnuned from 

^^^ rotating, the ci>aiit<^r H. )t. F. being eqwnl to ^ S. 
^^^ Since Ute Btjay jxtw^r and field wire loes for » shunt motor 

^^^B on a constant poti>nt!al eireoit are ajiproxiinutoly conat»nt for anv 

^^^K load, the 1o« in the ammture win«)tng ia the imly VHriaUe Ioah. 

^^^B For thifl re«Bon Jacotn'a law ia also tnin fur the camnierclal shunt 

^^^K motor. 



I 




ARMATURE CURHENT 
Fig- 15. 

Fig. 15 shows the variation of the output with the armature 
current. At the Wginniug of the eunc the cm-rent is zero, hence 
there could he no output. When the output has risen tc its high- 
est vabic, then -^ = -^ iind c = -_- E. With a further iu- 

crease in the current the output decreases until when / = the 

r 
counter E. M. F. must he zero, tliat is; the motor is at rest and the 
output is zero. 

Efficiency. Siemens' law of efficiency, J efficiency = -5. | is 

not closely followed hy the coniniereial motor, since when the 
stray power and field wire loss is also taken into account, the 
efficiency will evidently he less than —,-. 
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It can be shown mathematically that the commercial efficiency 
of a shunt motor will be a maximum when the armature current 
has such a value that its square is equal to 

field wire loss -f- stray power loss. 



or 



annature resistance 



12 =h '^l +S.P. 



where i^ is the field current and r^ the resistance of the field 
winding. 

The variation of the commercial efficiency of a shunt motor 
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ABMATURE CURRENT 

Fig. 16. 

with a change in the armature current is shown in Fig. 16. It is 
seen that the efficiency rapidly rises with an increase in the cur- 
rent to its maximum value, and decreases more slowly as the 
current is further increased. When the efficiency is a maximum, 
the value of the current indicated by a in the figure is equal to 



n/ 



field loss + stray power 
armature resistance 
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Advantage and Disadvantages of Shunt Motors. The great 
advantage of shunt motors is tliat their speed is practically 
constant. 

The disadvantages are as follows : 

1. Tlie torque increases only in proportion to the armature 
current since the fiehl strength is consfcmt. 

2. There is a high potential between the t«*rminals of tlie 
field winding. 

3. Opening the fiekl circuit suddenly, causes a large sj)t*rk 
and a high potential due to self-induction. 

4* Tlie many turns of fine wire of the field coils involve 
extra expense since fine wire cost« more per pound than coarse, 
the labor of winding is considerable, and a large amount of insula- 
tion is necessary. 

5. Where shunt motors are nm intermittently it is custom- 
ary to keep the field coils constantly charged, the motor being 
started and stopped by closing and opening the armature circuit 
through the resistance. Keeping the fields charged when the 
motor is not in use is of course a loss of energy. 

Uses of Shunt flotors. A constant speed is of the greatest 
importance in some classes of work, and this advantage makes the 
use of shunt motors very extended. 

Shunt motoi-s are used in machine shops, factories, and to run 
printing presses, pumps, elevators, etc., or in general where good 
speed regulation is required. 

SERIES MOTORS ON CONSTANT POTENTIAL CIRCUITS. 

Torque. In the series motor the same current passes succes- 
sively through the armature and field windings. We have seen 
that the torque depends ujx)n the armature current and the field 
strength, or 

T varies as If. 

An increase in the current strength of a series motor greatly 
mcreases the torque because (<?) the armature current is increased, 
and (6) the field strength is also increased by the larger field cur- 
rent. Hence in series motors the toixjue inci-eases as the square of 
the current. Therefore on light loads the current is small and the 
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torque is small, and on heavy loads the current being large, the 
torque exerted is large. The torque increases as the square of 
the current, however, only when the fields are below their point of 
saturation. When near this point an increase in the current pro- 
duces but a slight increase in the field strength, and the torque 
will then vary as the current strength only. 




TOKQUE 
Fig. 17. 

The curve in Fig. 17 shows the relation between the current 
taken by a series motor and the torque. Up to the point a the 
line has a considerable curve because the fields being below satura- 
tion, the torque increases as the square of the current. Beyond 
point a the fields are saturated and the torque then varies as the 
current only, the curve becoming a straight line. 

Speed. In the case of shunt motors it was seen that the 
speed is nearly constant for all loads. In series motors the speed 
varies with the load. If part of the load is taken off of a series 
motor, the current becomes less, the fields are weakened, and this 
causes a large increase in the speed. If the load is entirely 
removed the speed becomes dangerously high. 
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Fig. 18 shows the speed curve for a seriea motor. It i> 
evident from this curve that vith a small current, or light torque 
on the motor, tiie speed is -nry laige ; with a large onitent the 
speed is small. 



SPEED 
Fig. 18. 
Speed Control of Series Motors. 

poUsiitial circuits may have tlieir 8]>eed 
<'ontrolle<l m a similiii* manner to that 
of shunt iiiotoiid, til ore being some 
differunces however, on account of the 
different field winding. 

Variation of E. H. F. at the Brushes. 
TLis is the most common and most 
satisfju'tory method of conti'oUing the 
Hiieod, Fig. 19 ilhistnitc.t this method, 
the resistance It \mng iiiKerted to 
reduce the voltage available at tlie 
hrnslips, and consequently the speed. 
Tlie curn^nt passes succes.'^ively through 
the adjustable resistance Jt, the arma- 
ture, and the field winding. 

Variation of Field Streneth, The 



Series mototH on ooDsfiant 




field strength can be varied in wvei'al ways. If the field winding 
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is changed from a series coil to several coils in multiple the number 
01 ampere-turns, and hence the magnetization will be reduced, 
causing the speed to bo increased. Also cutting out turns or 
shunting a part of the field current through a by-path having 
an adjustable resistance will cause the speed to be increased. The 
latter method cannot be used for ahimt motors, since the field 
winding is itself a shunt across the main circuit; but for series 
motors this method is a veiy useful one. 

The resistance of the magnetic circuit may be varied as in 
shunt motors but this method is little used. 

Other riethods. As in the case of shunt motors the speed of 
series motors may be varied by a change in the number of arma- 
ture wires, as by coupling in series or multiple, and also by vary- 
ing the position of the brushes. To obtain a very large range of 
speed there may be combinations of two or more methods. 

Constant Speed. Nearly constant speed \vith varying load 
can be obtained with series motors by overwinding the field coils, 
that is, they may be wound so that the fields have their full strength 
when only one-half or even one-third of the normal current is 
passing. Hence with perhaps one-third load or more the fields 
will have a constant strength and the speed will be constant as in 
the case of the shunt motor. At full load the field current will be 
far greater than is necessary to saturate the magnets and conse- 
quently the efficiency is considerably lessened. 

Starting. On starting, a rush of current tends to occur vnth 
this t3rpe of motor similar to that in case of the shunt motor ; it is 
somewhat less however, because the field coils are in series with 
the armature and their resistance and self-induction reduce the ex- 
cessive flow. A starting resLsUmce is used as in the shunt motor* 
but can be considerably less. 

Connections. These are very simple for a serie^s motor and 
are indicated except the main switch and fuses, in Fig. 19 ; the 
same current passing successively through the stjirting resistance, 
armature and field winding. 

Motors having more than two j)oles sometimes seem to have 
very complicated connections. Fig. 20 represents the connections 
for a four-pole series motor, and Fig. 21 for a four-pole shunt mo- 
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tiiv'f'Tiirr'-iit. fftL-^Hiiic throu::h th- fie[<I coils increases the field 

Advantages and Disadvantages of 5eries flotors. The ad- 

/, Tin; \i,r<\tif 'in (ivcrlriii<] is lai-ge; series motors are there- 
Inn: wi-ll w\.i\iXt:ii f'.r nUrtiiin liKi'bt witli i;reat friction of repose. 
$. 'I'lio coat of till; fii-ld coils ia considerably less tbao in the 
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e of shunt motors as the number of turns required is very much 



S. The field coils and armature being in series one switch 
serves to cut out both at once. 
The disadvantages are : 

1. The speed varies with the load. 




Ftg. 21. 



i. li the load is removed the speed becomes dangerously 
high and the motor may tear itself aimrt. 

Uses of Series riotors. The most common use of this motor 
is in the electric railway where it is usually run on a 500 volt 
circuit. It ia also used in operating hoists, mining machinery, and 
in general where the load cannot be entirely removed, where the 
starting torque required is large, and where a constant speed ia 
not necessary. 
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COMPOUND nOTORS ON CONSTANT POTENTIAL CIRCUITS. 

Compound flotors. The compound motor has two independ- 
ent field windings ; a shunt winding gives the main magnetization, 
and a series winding serves to regulate or to allow starting under 
heavy load. 

Cumulative Compound ilotor. This motor has the direc- 
tion of the current in the series winding the same as that in the 
shunt winding and hence increases the field strength. 

Such a motor has the advantage of a large torque on starting 
as in the case of a series motor, and an approximately constant 
speed as with the shunt motor. On starting the series coil is in 
the circuit, but is cut out when the motor has attained its full 
speed. 

Use of Cumulative Compound flotor. The special use of 
this motor is where it is frequently stopped and started under a 
heavy load, and a nearly constant speed is desired. 

Differential Compound flotor. The series winding in this 
motor has its current passing in an opposite direction to that in the 
shunt coil and consequently reduces tlie magnetization. 

This motor gives a more constant speed than the simple 
shunt motor. We have seen that the speed of the shunt motor 
decreases slightly as the load increases ; therefore if the field 
strength can be weakened with an increased load the speed win be 
kept up. The current in the series winding is greater the greater 
the load, hence the magnetization is reduced, and almost perfect 
speed regulation can be obtained. 

It is necessary that the series coil should be inserted after 
starting the motor ; otherwise its excessive current would weaken 
the fields so much that the starting torque would have hardly any 
value. 

The differential motor has the serious disadvantage that with 
a large overload owing to the excessive current iu tlie series coil, 
the field magnets may l>ecome demagnetized, and instead of the mo- 
tor keeping up its speed it slows down or stops and is liable to 
burn out. 

Use of Differential Compound flotor. Where a very con- 
stant speed Is required this motor is used. The shunt motor, how- 
ever, has a speed which is uniform enough for most purposes, and 
the differential motor is not much used now. 



d\0 



DIRECT CURRENT MOTORS. 3? 



MOTORS ON CONSTANT CURRENT CIRCUITS. 

Motors are now in use on constant current circuits to only a 
small extent. They cannot be made self-regulating, and therefore 
all have some form of mechanical governor to regulate the sj)eed 
or torque. Another objection is the usually high potential of the 
circuits, this being a source of considerable danger. 

Owing to the very general introduction of constant potentij 1 
circuits, and the advantage of constant potential motors over mo- 
tors which are not self-regulating, the latU^r have been largely su- 
perseded by the former. 

Series flotors. The series wound motor is usually the type 

used on constant current circuits. As a constant current passes 

through the field and armature windings, the field strength and 

armature current will have a constant value and consetjuently the 

torque will be constant. Hence if the load is reduced the torque 

exerted remaining the same, the motor will speed up. If the load 

is entirely removed the speed becomes dangerously high, l)eing 

much worse than when on a constant potential circuit for in the 

latter case the armature current is reduced as the speed increases. 

This increased speed can be prevented if the field is weakened, 

since the torque is then decreased, the armature current remaining 

the same. 

The motor can be overloaded or held still without its being 

injured as the current is always the same, therefore no start- 
ing resistance is necessary and the throwing of a single switch 
starts or stops the motor. 

Regulation, The usual method of changing the field strength 
to obtain constant speed is by cutting in or out turns of the field 
coils. The switch which does this is operated by some form of 
centrifugal governor, a slight increase of speed causing turns to be 
cut out and a slight decrease causing them to be inserted. 

Another method rs by rotation of the brushes. To reduce the 
field strength the brushes are rotated in a direction sucli that its 
magnetization will oppose that of the field magnets. To give a 
close r^ulation a comparatively large regulator is required. 

MOrrOR-QENERATORS. 

Motor-generators, or dynamotors commonly called, are nearly 
qmonymous terms applying to a combination of the direct 
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^^^V turrent generator and motor, for the pui-pose of either increiising or 
^^^B-: deci-easing the volbige of ilistribution. 

^^^H The motor which drives the generator, \& usually sliiint-woiiiKl 

^^^H and is connected on constant potentlcil mains. 
^^^H The Biniplest case is vliere ^ho motor is directly connected to 

^^^^^ the generator, the E. M. F. genenited by the dynamo being availa- 
^^^H bio for any purpose. Sueli an arrangement allows a considerable 
^^^M variation of E. M. F. This is usually accomplished by inserting 
^^^B varying resistances in the field circuit of the dj'namo; weakening 
^^^H the field, of coudm; decreasing the volts genemted. 
^^^H Where the ratio of tnnisformation of volU^o Is definite, one 

^^^H field may be common to both motor and dynamo. The arniiiture 
^^^m liuB inde])endent motor and generator windings which have sepiv- 
rate commutators. As tlte field is common to both the only 
methoil of varying the E. M. F, of the dynamo is by inserting TO- 
Bistanct-B in either armature circuit or by shifting the bnishta. 

CALCULATION OF ELECTRIC HOTORS. 

As a direct current dynamo may be used eitheras a. genewitor 
or motor, it is evident that the principles of construction ami 
ealciiliition of direct current goneratore a]ip!y equally well to thiit 
of motors. Henee for the calculation of an electric motor it is 
only necessary to determine the corresponding values for a gen- 
erator at the required sjieed, and to then proceed as in the calcu. 
lation of a generator. 

Tlie question arises as to what power nmst the motor be calcu- 
lated for when considered as a generator. We have seen that the 
losses in a dynamo are the electrical and the stray power. In a 
generator the output is equal to the total electrical enei^ less the 
electrical losses. In a motor the output is equal to the total 
electrical energy, whicli is the input, less all the losses, that is, tlie 
electrical together with the stray power loss. Hence, in making 
the caSculations of a motor we must allow for the stray power loss 
and figure a genei-ator which at the given sj^eed has an electrical 
activity in watts equal to 

motor output 
gross efficiency 
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Small motors up to 5 horse-power have a gross efficiency of 
from 80% to 85%, that of motors from 5 to 20 hoi-se-power 
ranges from 85% to 90%, from 20 to 300 horse-power ranges from 
90% to 95%, and motors of more than 300 horse-povver liave a 
gross efficiency slightly above 95 % . 

The E. M. F. for which the generator is to be calculated is 
the counter E. M. F. of the motor, being the E. M. F. generated 
by the motor at the given speed. This from the motor equation 
is equal in the case of the shunt motor to 

e = H— Ir, 

where e is the counter E. M. F., U the applied E. M. F., /the 
armature current, and r the armature resistiince. 
For the series motor 

where r^ is the resistance of the field winding. 

As the value of the resistances and current are not known, e 
must be estimated from values obtained by experience. The 
percentage of the applied E. M. F. which is lost in the armature, 
or in the case of the series motor in the armature and field wind- 
ing, varies greatly according to the size of the machine. For 
shunt motors the per cent of the applied E. M. F. which is last in 
the armature, is approximately as follows : 



Up to % II. P. 


15 % 


Up to iy2 H. p. 


10 % 


Up to 3 H. P. 


8 % 


Up to 7 H. P. 


c % 


Up to 15 H. P. 


5 % 


Up to 35 H. P. 


4 % 


Up to 75 II. P. 


3>^% 


Up to 150 II. P. 


3 % 



For motors of a greater output than 150 H. P. the per cent 
lost may be a little less. In the case of series motors the volts lost 
in the armature and field winding may l)e found by taking about 
twice the above percentage. 

Having determined the electrical activity and the voltage for 
which the motor is to be calculated, the current capacity is found 
by dividing the former by the latter. 

Example. — It is desired to construct a shunt motor which is 
to have an output of 5 H. P- at a speed of 1,200 revolutions per 



313 



40 



DIRECT CURRENT MOTORS. 



minute, the motor to be run on a 110 volt circuit. Determine the 
values of the quantities to be used when calculated as a generator. 
Solution. — For a 5 H. P. motor the gross efficiency is taken 
to be 85%. The watts generated by the armature ara to be, 
therefore, 

— ---- — = 4,400 watts (approx.). 

.85 

Allowing 7 % of the applied E. M. F. to be lost in the arma- 
ture, the voltage to be generated, that is, the counter E. M. F., 
will be 

110 X .93 = 102 volts (approx.). 

The current cajiacity will, therefore^ be 

4,400 _ 



102 



43 amperes (approx.). 



Hence the armature is to be designed to generate a total 
E. M. F. of 102 volts, at a speed of 1,200 revolutions per minute, 
the current capacity to be 43 amperes. 

Example. — Suppose we wish to design a series motor for a 
220 volt circuit, the output to be 10 H. P. at 900 revolutions per 
minute. How is the machine to be designed ? 

Solution. — Supposing tlie gross efficiency to be 88 % the 
number of watts to l)e generated is 

= 8,500 watts (approx.). 

Allowinj:; 12% of the applied E. M. F. to l)e lost in the arma- 
ture and Held winding the voltage to Ih.^ generated is 

220 X .88 = 108 volts (approx.). 

The current eiipaeity is to be 

8,500 



198 



= 44 amperes (approx.). 



Hence tlie armature is to l)e designed to generate a total 
E. M. F. of 108 volts at a speed of 900 revolutions per minute, 
tlie current ca[>acity to be 44 aui^ieres. 
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ELECTRIC MOTORS IN MACHINE-SHOP SERVICE.* 



I intend to consider the subject ''electric motors in machine- 
shop service" from the standpoint of the shop engineer, whose one 
thought is economy in the broadest sense of the word. To such a 
man, the motor is but a single detail of the equipment — possibly 
one of the most im])ortant details, but only so when its relation to 
the problem as a whole, is understood. The development of alloy 
steels, permitting of cutting sj)eeds from two to four times as great 
as was heretofore possible, requiring, in many instances, machines 
of new design; the introduction of the grinding machine, which is 
rapidly replacing the lathe for much finishing work; the milling 
machine; the electric motor as a means of driving; and types of 
management to assure efficient use of equipment, are among the 
most important factors requiring his attention. 

The manufacturers of electrical apparatus too often defeat their 
own ends by overenthusiasm, or rather, by extravagant claims that 
they cannot possibly substantiate. There is no use trying to con- 
vince the shop engineer that the words " motive drive" are synony- 
mous with " low cost," for he knows that efficiency attained depends 
upon the co-operation of a multitude of things, and primarily the 
intelligence with which the equipment is handled. If, however, 
the possibilities of the motor drive are properly presented, he can 
appreciate them better than any one else, for they till a definite 
need, the importance of which he will understand. 

It is not necessarj' to dwell upon substantial progress recently 
made in shop practice, which has resulted, in many instances, in 
greatly increased output with consequent reduction in cost. I shall 
consider rather what is needed to increase efficiency in the average 
shop, where it is still extremely low, for even when adequate funds 
are provided for the purchase of new equipment, the end in view 
is often defeated through lack of proper insight in connection with 
its purchases, installation, and use. 

At the same time electiical manufacturers have not made the 
progress that would have been the case had they possessed a 

♦ This paper was presented before the International Electrical Congress of St. rx>uls, 
1901, by Charles Day of the firm of Dodge &. Day, Kngineers, Philadelphia, Pa : and Is 
reprinted by special permission. 
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thorough uDderstaniJing of shop reqnirementB. Our experienc-^^Efe 
haa been conlined largely to tho installation and operation of fW- ■ >■■- 
trical equipment under workinfr conditions, therefore I shall treaj^tja,\, 
the subject from this side, with the hope that I may bring mor~^ ^rc 
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means of power distribution. My j)a[)er will deal with the subject 
under the following headings: 

(1) Shop Requirements. 

(2) Notes Coneemiug Motor-Drive Systems. 

(3) Notes Concerning Different Mattes of Apparatus. 

(4) General Conelusionn. 

(I) SHOP REQUIREHENTSJ 

My paper will only permit of a general outline of shop con- 
siderations bearing on the subject; these are illustrated in Fig. 1. 
Each factor must l>e carefully considered and, when treating the 
subject generally, certain assumptions made. For example, we are 
justified in assuming that the best tool sttHjl should be used and 
design accordingly, while crane service and tyjKJ of workmen are, 
on the other hand, matters depending on class of work handled 
and local conditions. 

An intimate knowledge of shop practice is quite as necessary 
to the designer of electrical apparatus for machine drhliuj as to 
the builder of the machine, and, while frequently dithcult to show 
the direct bearing of the various features of management and 
methods upon a. single factor, such as the one under consideration, 
the most useful conclusions can l)e drawn only by those familiar 
with the subject in detail. Improved systems of management are 
doing much to assure proper use of equipment, but in any event 
the need of explanation in connection with its operation should be 
eliminated to as great a degree as is possible. In other words, ap- 
paratus should primarily be designed to give satisfactory results in 
the hands of average workers. Where its adjustment and manip- 
ulation isde{)endent upon the operator, he must be fully considered 

1. The words *'niaeliine" and **tool,'* as used in connection witli 
machine-shop worlt, are very fre<iuently ambiguous. I will use tliem in 
the following sense : 3/ac/itwe.— Delinition (Standard Dictionary). Any 
combination of inanimate mechanism for uiilizimj or applying power. A 
construction for mechanical production or modilication. Example- 
Lathes, pneumatic drills, power shears, etc. Machine Tool.— Thin term is 
often confusing and need not be used in present paper, roo/.— Deli nit ion 
(Standard Dictionary). A hand instrurnent. Not a mechanism. I'sed 
directly for production. Examples. — Chisel, hammer, saw, etc. 

Tools for removing metals will be further subdivide<l as follown ' 
Cutters, millers, drills, etc. 
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in the design, but when attention is required for inspection at inter- 
vals only, the personal equation does not enter into the problem to as 
great an extent. Lathe and elevator drives illustrate the two cases. 

If cuts are of long duration, the cutting speed can readily be 
determined by experiment, but this is not practical in the run of 
machine-shop work. The determination of cutting sj)eed for mis- 
cellaneous work is a ditiicult matter, and must be given special 
study in each case, every means toward uniformity of product be- 
ing resorted to. 

The drive is but a detail of the machine. We should aim at 
a harmonious whole, not combining an efficient drive with an out- 
of-date tool. The motor-driven tool of the future should not be 
considered a combination, but a unit suited to certain specific ends. 
The motor-drive problem is essentially a matter for the machine 
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General Machine Shop Classification. 
Fig. 2. 

builder to settle, and when a machine is purchased, the customer 
should have the assurance t/uit the diuvi' has been given the same 
care in design and construction as any other j>avt of the machine^ 
and need not he considered as a distinct issue. 

Machine shops may be broadly classified according to char- 
acter of output as follows: 

Shops of the first class can be laid out in every detail with 
regard to a definite need. Machines are purchased to do just one 
job, and frequently it pays to design special machinery for such 
duty. After it is properly adjusted for the character of material 
to be worked and for the cutters, no changes are required until 
better methods or facilities are develoj)ed. Here, as far as the 
drive is concerned, we find the simplest conditions. Usually con- 
stant speed with adequate power suits the case. 

In shops classified under the second heading, little opportu- 
nity for duplication, in the sense just considered, exists. Machines 
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must handle a variety of work, and even those purchased for 
specific operations are usually suited for other purposes so they 
may l)e kept busy the greater j)art of the time. Variation in size 
of work, material and cutters, demands an adjustable speed drive 

<( STEAOf LOAD - EXHAUST FAN - (OCWN DRAFT SYSTEM) 
(2) PLUCTUATINB LOAD - FULL AUTOMATIC IATHC 
(3) HEAVY MOMCNTAflY LOADS - PUNCH 

Character of Load for Constant Speed Drive. 

Fif?. a 

together with change feeds, if most economical results are desired. 
This is true to a still greater degree for machines in the third class. 
Tlie drive requirements from a consideration of work to be 
performed can be further analyzed as shown below: 

(1) CONSTANT H.P. - MACHINES WOflKINO 
UNDER SPECIAL CONDITIONS. 

(2) H.P. INCREASE WITH INCREASC OF R.P.M. 
(X) THROUGH SCALER POSITIVE PRESSURE BLOVER, LAROE l^TMES 

ANO BORINO MILLS. 




(A) FIXED SPEED / ^*^ **'^' OCC^igAaLS WITH INCREASE OF R.P.M. 

OV¥^BLE or ^ CERTAIN DRILL PRESSES AND LATHES. 
ADJUSTMENT. X^ 

^V ^^(0 STEADY - POSITIVE PRESSURE 0L0WR9. 



AT ANY POINT ^-^(2) FLUCTUATINO - ENGINE LATHES. 

^(3) HEAVY MOMENTARY LOAD - PLMIftll* 

Character of Load for Adjustable Speed Drive. 

Fig. 4. 

Figs. 3 and 4 relate to character of load. Figs. 5 and 6 are 
a further analysis of adjustable speed drive, for machines using 
cutters, giving details that should determine range and number of 
speeds. 

Adjustable speed^ may be desirable on grinding machines also, 
and in this case will depend on ratio of maximum to minimum 
wheel diameters and other matters that must be considered sepa- 
rately in individual cases. 

2. The words '* variable speed '■ are now generally U8e<i for describ- 
ing motors adapted for individual operation of uiachinen, but to (iistin- 
guish from the crane motor, for example, which is truly the variable-speed 
type, I shall use the words '* adjustable speed '^ as describing a fixed speed 
capable of adjustment over a given range. V^ariable-speed motors are useii 
principally for railway and crane service where the load is intermittent 
and torque variable. Direct-current apparatus has been developed to give 
such thoroughly satisfactory results for this duty that I shall not consider 
it other than in its relation to the general machine-shop problem. 
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Machines for panehing and shearing, while nsnally arranged 
for constant speed, frequently require an adjustable- speed drive. 
For example, assume a punch operating at 28 strokes per minute. 
The operator may have work of such a character that he can easily 
punch a hole each stroke, while in another case, due to heavier 
sheets or greater accuracy required, he is compelled to skip every 
other stroke, punching but 14 holes a minute, while if the machine 
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Fig. 5. 

would jiermit he could readily do 28. Such a saving on this class 
of machinery usually yields a large actual return as the time 
required for setting up or making ready is, as a rule, small. 

The ff mount of horsepower reijuireil for machines of different 
types depends on the factors given in Fig. 7. 

I have given the principal items to consider when designing 
or selecting machine drives, but to more fully explain the line of 

f(l) UNIFORNITY OF MATERIAL MRRCO. 
'(2) UNIFORMITY OF CUTTERS. 
(N) IIUM0CR OF ^^-*(3) NUMBER OF FEEDS PROVIDED. 
SPEEDS. ^(*) FACILITIES ENABLING HORKIMN 

TO DETERMINE PROPER SPEED. 

Factors That Intluenfc Number of Speeds. 

Fig. 6. 

reasoning that should be followed, I shall assume definite condi- 
tion8,*and consider the equipment needed to fulfill them. 

EXAMPLE. 

LATHE for general work in shop of A. . 

B. . Company, manufacturer of air compressors. 

General features of this plant and its organization that influ- 
ence type of drive (see Fig. 1). 

E.B .— /. The machine under consideration is to run in an old plant, 
hence no Bavin^ in cost of buildings could be effected by type of drive. 
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E. B. — 2. Tlie natural light at point where lathe is to be located is 
verj' poor, and it is iniportant not to obstruct it any more than absolutely 
necessary. 

E, B.—H. Artificial light has in the past been supplied by independ- 
ent company, but they desire to install a power plant that will take care of 
this feature as well as power. It is desirable to depend largely upon gen- 
eral illumination by arc lamps with incandescent lights for detail work. 

E. S. — l-2y and E. T. — i. For roughing work the best alloy steels, 
forged, treated, and maintained by special department, assuring uniform- 
ity and high efficiency, will be used. 

E, L. — 1/2, H, 4. Character of work necessitates constant use of 
power crane, making overhead belting and fixtures objectionable and dif- 
ficult to provide for on account of location in main bay of shop. As cost 
of power in this plant amounts to less than 3 per cent of total cost of prod- 
uct, it is not a determining factor in character of drive. 
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Factors Governing HorsePowcr Required /or Different Types of Machines. 

Fig. 7. 

E, M.—2. The tyi>e of management being introduced at tliis plant 
should ultimately aHsure intelligent direction of work and proper use of 
equipment. 

Referring to Fig. 2: 

We find that this shop will come under the class indicated by tlie 
symbol W-2. 

Referrintx to Fi<r. 4: 

[A)—X—l—F--2, Majority of work (probably 80 percent) will be 
steel and gray-iron castings between 18 ins. and 48 ins. diameter. Maxi- 
mum conditions call for removal of same amount of metal between these 
limits, and approximately constant cutting speed, ^faximum horse- 
power requirements are consequently constant through the range, but 
subject to fluctuations at any one point below the said maximum. 
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Referring to Fig. 5: 

R—1. At times it will be neoessaiy to machine work as email as 10 
ins. diameter, or as large as 60 ins. diameter; consequently a range in 
speed of 6 : 1 would be required for this purpose. 

R^2. Cutters will always be stationaiy. 

R—3. The ratio of hardest to softest material required by spediica- 
tion will be approximately 2 : 1. This will Increase the necessaiy speed 
range to 10 : 1. 

B—4. The majority of work will be roughing and finishing with 
cutters. Some filing and finishing with emeiy doth will, however, be 
necessaiy, and for this purpose experience would dictate a cutting speed 
of 150 ft. per minute on 10 Ins. diameter It will be necessary to provide 
a cutting speed of 15 ft. per minute on the largest diameter on accojint of 
the frail character and difficulty of driving some of the castings to be ma- 
chined. Total range of speed is determined by limiting oonditionB of a 
cutting speed of 15 ft. per minute on 60-in. work and 150 ft per minute on 
10- in. work. I have purposely chosen these extreme conditions to better 
illustrate my point. In practice a 00-in. lathe is seldom required to run 
at 57 r.p.m. 

160 
10 X 8.14 = 67.8 r.p.m. 
12 

15 



60 X 8.14 = .95 r.p.m. 
^12 

CoiiHe<iueutly, for all practical purposes, the face plate of the lathe 
should ruu from one revolution per minute to 57 revolutions per minute. 

Referring to Fig. i): 

X-L It was stated above that the character of material would vary 
in the i)roportion of 2 : 1, this being a requirement of the products manu- 
factured. Uniformity of material, or how nearly the re<iuiremeut8 can l>e 
attained under shop conditions, is one of the factors influencing the num- 
ber of face-plate speeds. 

A fully-equii)ped laboratory', under the direction of an able chemist, 
who has entire charge of the cupolas and Bessemer steel converters, as- 
sures a much more uniform product in the plant in question than is 
usually the case. A great deal of experiment and investigation will be 
necessary however, before we can make definite assertions in this direc- 
tion, but castings from the same pattern should not vary more than 20 
per cent. 

N—2. C'utler of the character indicate<l above (E.8.— 1) should not 
vary in elTlciency more than 10 per cent. 

N—3, The full consideration of this point involves an understand- 
ing of the laws governing speed, feed, and cut for various materials. It 
will not be practical to include here full data on this detail. Hundreds of 
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tons of steel and cast iron have been cut up to determine tliese relations, 
and constant experiment is necessary to lieep abreast of rapid improve- 
ments. I will only say that it is quite as necessary to provide an ade- 
quate number of feeds as it is spindle-speeds, and in fact a limited num- 
ber of either one of these factors will give eflrtcient results provided a very 
close regulation can be had on the other. 

In the present instance it w^as not considered advisable to specify 
changes to the standard feeding mechanism, as this feature had been well 
taken care of by the builder. 

N—4. As the operation of the machine is ultimately governed by 
the faciliiies at the disposal of the machinist who runs it, it is absolutely 
essential that this point be given most careful study. It involves prac- 
tically every featureiof shop system and management, and it is only under 
such systems as that developed by Mr. Fred W. Taylor, of which func- 
tional foremanship is but a single detail, that the conditions, as outlined 
above, can be fulfilled. It necessitates that the operator of the machine 
be informed as to the character of the material, elTiciency of the cutter, 
proper cutting speed in consideration of duration of cut, and many other 
ec^ually important factors. 

Bo it will be seen that we cannot arrive at any data which would 
enable us to specify definitely the number of spiudle-speeilH reijuired. Our 
conclusions must necessarily be based principally on experience in shop 
practice, and for this reason engineers difler widely in their views. For 
the example under consideration, speeds increasing in increments of 15 
per cent are, in our estimation, (|uite as close as can be. used to advantage. 
It is well, however, to err on the safe side, providing too many speeds 
rather than too few. 

Referring to Fig. 7: 

H. K» — i, 2^ 3, 4, Maximum permissible cutting speed on steel cast- 
ings will be 60 ft. per minute; on gray-iron castings 60 ft. per minute (de- 
termined by actual re<]uirements on a large variety of work). Maximum 
cut, cast-steel, % in. deep, -^ in. feed; gray-iron, % in. deep, ^^ in. feed. 
(These conditions are established by character of work.) 

The experiments conducted to determine the laws governing speed, 
feed, and depth of cut, for various materials referred to above {N—3) have 
been made available for purposes of design by means of slide rules, based 
on the derived empirical formulae. 

For the depth of cut and feed under consideration (cast-steel), the 
calculated pressure on the tool would be: 5,550, or horse-power re(iuired= 

5?^ X_?9 - in 1 h 
33,000 " P* 

H, K, — 6. The friction load can only be arrived at through experience 
and depends not only on the machine, but character and method of driv- 
ing work. Experimental data on machines quite similar to the one under 
consideration would indicate 3 horse-power through the entire range as 
sufficient to allow for this purpose. 

These conditions are plotted in Fig. 8. It will be noticed that the 
horse-power falls off on either side of the working part of the scale. 
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While It iB e*By to theorize is to the home-power lequlied for woifc of 
verioUH (llimeten. Id actual practice the oondltloiu are abont aa I have 
■howo. It must be borne In mind that the machine under oonslderatian 
should be primarily adapted for ttae mi^rity of work that It will handle. 
We have aiwumed that 80 per cent of this will be between 18 Ins. and 4B 
Ins. In diameter, bu that work outside of these limits Is the e 
On small work, such as would be handled, there Is not likely to be o; 
tunl^ for as heavy roughing cute, and castings over 48 Ina. li 
cannot be swung over the carriage, nor would It be'good polk? to aim at 
high efllciency at this point for the additional cost would not be Jnstlfled 
by the saving effected on such a small fraction of the total output. 

As the hone-power between the working limits shown abore was Bg- 
ured for the maximum cutting speed of 60 ft. per minute, we can plot a rela- 
tion between revolutloospermlnule and hone-power. (See Fig. 9.) The 
seleirtiouofelectiical equipment for this lathe will betaken up lucther on. 
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FiR. 8. 

Tilt* Hiiuly^is of I'unditiuns prteeuted above is, as was stated. 
essentiiilly a pru]>lL'i]i for tim machine builder to work out — in 
otbtT wurds, thu ulectrical (-uiti|>iiiik's should look to liiiu for gen. 
eral sfieciticatioiis eovering motors and eontroliers. 

Whvn ei]iiij)j)iii[{ itiachiiies of old design with motor drive, or 
remodeling them to lietler their eilioieiicy, each one eliould be coq- 
liidered eejMirately with regard to the special line of work it 
liandleH. Ae iiiaiiufaeturing becomes more specialized it will be 
[K>Bsil)lt' for the builder of machines to design with more intelli- 
geiKu-, for ho can then treat a tyjie as we have treated an individual. 

To avoid repetition, I will asi^unie tlio following conchisious 
)mvi> \»si\\ estabjiijhed. 

n I Mui'hiiKM of present design of comparatively small work. 
re(|niring '■unKtant-Hjx'ed drive should, in most instances, be grouped 
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and operated from motor-driven line shafts. SpecificJitions for 
new luachinee for such duty slioiild Iw made witli a view to Hjiecial 
reqniremeDts. Indirect savings in one plant may miicli more tlian 
offset additional coat of constant-speed motor on each machine, 
while this would not be trne in another. 

(2) For group driving, both direct- and alternating-cnrrent 
motors give thoroughly satisfactory resulla. In either instance, if 
properly installed, repairs should not be an important featnre. In 
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certain industries^ — the textile mills for example — the induction 
motor has decided advantages on account of close-speed regulation 
with varying loads and lessened lire risk, but for machine shops 
these features are unimportant. 

(3) Mechanical means of speed control, including step cone 
pulley and variable -speed countershafts, while suited for certain 
specific cases, do not meet the general requirements of machine 
drive. An attempt to obtain the necessary speeds by gearing, for 
example, is not only costly (if a suHicieut number of changes are 
provided), bat inefficient, in that as a rule, the machinery must be 
stopped to change from one speed to another, and cannot Ih* con- 
trolled from an independent point. 

(4) For adjustable speed work, direct-current motors only 
give satisfactory results at the present time. It is not practical 
by this means to use a range greater than to 1, while in the 
majority of cases 3 to 1 gives the most economical results. In 
other words, in most instances, it is necessary to resort to a com- 
bination of mechanical and electrical control, the disadvantages of 
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i<a4'h Urifij/ Ur</*'ly ♦-liifiiriatrd h\ this i;,tar>5. For cXAiu^Je, rTen 
wIkt*; tiiH4',hiutrri ar»f h^mdliDc/ a Terr geDt-nJ line of went the 
^rn'HUfr j#art of it viill Ijtf c*jven^ bj a ran^ of 8 to 1. so that if 
thii4 arfioufjt ia obtained electricallT. gi^r changes will be seldom 
utnu'HkHry. and at the &anie time a comparati^elj inexpensive motor 
re^jnirM. ConHe^juently the lathe requirements sj*cified above 
Hti' of rjuiu^ an much value to the man who desi^s the mechanical 
fi-atiireH <if tli«' marrhine as the one who furnishes the electrical 
apparatus. 




^SpeecJ Notches 
Vvz. 10. 

(T)) Loiic I lansiriissioii lines iriay make alternatincr. current 
ilrniiuMr, ami, foi* ccrlHiii t*xliMMli*(l plants, the l")est results can l>e 
ohlaiiird l»\ its Use, t(M^<*tli(*r witli iiiotor-mMierator for direct-current 
vaiiaMr s|hmm| hmMoi-s. 1 f, liowevcr, Init one kind of current will 
l»r a\ ailaMr, ijrcision should he hirm'ly n;()verned hy number of 
iiMli\i(hial diiscs I'lMjuirrd. In many instances, while gronj) 
dri\rM ma\ he dcsii-ahle at the start, new ecjuipment should he 
pnreliMsed with indisidual motois for the sake of adjustable spei^l 
and ease of eonli'ol. 

Kel Mining to the T)!). in. lathe considered above, the total si>et*il 
I'anec nf oV to I I'an he eoviM'ed hy the usual triple gear arrange- 
ment, with the i-esnltine- I'atios shown on the chart. The rancje in 
motoi* speed, of ^.'^^ to I. is (piite pi'actical and can be taken care 
of by any one of the systems referred to above. 
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I shall not dwell upon the strictly mechanical details of the 
drive, rather assuming that this part of the work is projierly taken 
care of, but pass on to a consideration of the motor-drive systems. 

(2) NOTES ON MOTOR-DRIVE SYSTEMS. 

Systems now on the market for obtaining adjustable speed by 
means of motor drive, and advocated by prominent manufacturers, 
are given below: 

(1) Field weakening only 

(2) Double commutator motor combined with field weakening. 

(3) Edison three-wire system combined with field weakening. 

(4) Unbalanced three-wire system combined with field weak- 
ening. 

(5) Four- wire multiple- voltage system combined with field 
weakening. 

There are two classes of purchasers, with widely differing 
requirements, and to whom different systems appeal: 

(1) The customer who buys motors for his own use to equip 
machines already in operation, or special machinery which must 
be given individual consideration. 

(2) The customer who buys for an unknown third party. The 
builder of machines, for example, who manufactures his product 
without any knowledge as to whom the purchaser maybe, and con- 
sequently must design equipments that will meet conditions exist- 
ing in plants where his product is solicited. 

The electrical manufacturers have been slow in realizing this 
almost self-evident classification. The very essence of modern 
manufacturing consists in specialization, as it is only in this way 
that cost can be reduced to a minimum. Such establishments 
must be classified under the second division referred to above, and 
the product considered as ^tijjH\ while in the first class given 
machines or given establishments can be treated separately. 

Conditions in the past have in either case demanded a separate 
consideration of drive for practically every customer, on account 
of special character and numerous types of motor-drive equipment, 
but substantial progress, as far as the machine builders are con- 
cerned, will not be made until their product is manufactured com- 
plete in every essential. This means the adoption of a motor that 
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cjin 1)0 operated on 110 or 220 volts, direct cnrrent. as one of these 
in not only found in nearly every large estahlishinent. where it is 
used for cranes and lighting, but in many of the small shops. 

The three- and four-wire systems, on the other hand«liave l^een 
installed by a very small percentage of the shops who are, from 
time to time, purchasing new equipments, hence for commercial 
reasons such apparatus does not ap|>eal to machine builders. It 
may, however, possess distinct advantages to purchasers of the 
first class who contemplate the motor equipment of an entire shop, 
either at once or as conditions demand. As they can exercise the 
great(»st freedom in selection of equipment for motor drive, I 
shall consider the systems enumerated above? from their stand- 
point. It will then ])e a com[)aratively simple matter to apply 
these conclusions to the more special conditions which must l»e 
met by the machine builders. 

All customers, unless they employ consulting engineers, are 
called upon to decide themselves upon the system to adopt, and, 
as their experience does not, as a rule, cover the details of elec- 
trical engineering, they must depend largely on the statements put 
forward by electrical companies. 

There is no doubt that tlie manufacturers in many instances 
liMVr tiikcn advantMm* of llit* special cliaracter of machine work to 
rate tlicii' motors in a way that is very deceptive. The word? 
•* full load '' ai'e almost nni\ei*sally abused, and as there is nu 
staiidanl >peeilicMt ion adhenMJ to, the only safe basis for compari- 
son is tlii*ono:li a knowlrdot* ()f tlit^ weight and maximum speed 
for a (riven liorse- power tliroiio;li a o;i\x'n rancre, with the under- 
standing that a s[)<'citie(l overload must be carried at any point for 
a certain time. Such an analysis would, according to the views of 
thi^ varions builders, give at lea>l an intelligent idea of the ecjuip- 
ment HMpiired to lill a <l<'linite need, but in a number of instances 
our experience lias indicated tliat claims made by lead in or man u- 
factnri'rs have nor been fiilfilled in actual test. Machine-tool duty 
un(|Uestional)ly permits of a diffei'cnt basis of rating from constant 
horse- power work in much tln» same way that street railway motors 
ar(^ rated on a basis of their own, but when one manufacturer 
a<ilieres strictly to a ratingof present standard, and another departs 
from it without the knowledge of the customer, the latter is likely 
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to he comparincr bids on two radically different equipments. This 
we have repeatedly found to be the case. We feel that this matter 
should be given careful consideration by such a body as the Ameri- 
can Institute of Electrical P^ngineers and a definite understanding, 
arrived at. 

I shall assume general familiarity with the systems under con- 
sideration. In general, a motor for a given maximum speed and 
a given range, to deliver a given horse-power through this range, 
will be at least as large when operated by field weakening only, as 
when a combination of either two or more voltages with field 
weakening is adopted, l^nless the motor is specially designed for 
field weakening, it will be larger than in the latter case. We have 
been unable to obtain any satisfactory data from the engineering 
departments of eliK'trical manufacturers concerning variaticm of 
horse- [K)wer with field strength, so preftT to base our conclusions 
upon tests which we have conducted in connection with work for 
various clients. 

As the cost of variable- speed motors and auxiliary power 
transmission equipment, such as chain or gears, is in proportion 
to the speed at which it operates, we should see that the latter is 
as high as is consistent with the various engineering considera- 
tions. A number of the manufacturers of motors do not give 
sufficient thought to the adaptation of motor speeds to available 
means of transmitting power to the machine. There are three 
methods in common use, namely: leather belts, gears (including 
worm and spiral gearing) and chain. While the great flexibility 
of the belt, in relieving the machine of sudden jar, has distinct 
advantages in certain instances, gears and chain are used in the 
majority of cases for individual drive. 

(I) FIELD WEAKENING (WITH A SINGLE VOLT AGE). 

A number of manufacturers have recently placed on the 
market motors designed to run on a single voltage, but that may be 
varied in speed by means of field weakening over a range, in some 
cases, as high as 6 to 1. Until recently, ranges as great as the 
above have not been considered practicable and our tests of motors 
of various makes have indicated that in this respect much can be 
accomplished through careful motor design. Manufacturers that 
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adhere to the simple shant type do not advocate, except for special 
work, a range exceeding 4 to 1, while others who have adopted 
either additional poles or special windings claim to have elimi- 
« nated the difficulties usually encountered, and are prepared to fur- 
nish motors giving any variation desired. These types, however, 
have not l)een in operation a sufficient length of time to enable us 
to confirm their statements. 

We have found that customers are frequently misled concern- 
ing the sixe of frame required for a given duty for motors operat- 
ing on this system. As the horse-power that can be developed 
with a given frame is in proportion to the speed of the armature, 
it is nei'essury to use, for a range of 4 to 1, a motor frame rated at 
least four time-s as large as the power required if practical speeds 
are not to l)e exceeded. Even such a frame will not, in most cases, 
make it {Kissible to rate the motor as liberally as is the case with 
standard constant-speed apparatus, as the exceptionally strong field 
nnjuired is likely to caivse heating at the slow speed, and at the 
high s{hhh1 the weakened field will cause poor commutation. 

We have not yet experimented with a motor of this type that 
would o{)erHte continuously under the fuU-load current at its high- 
est hihhhI without giving some trouble at the commutator. It is 
\v\\i\ as was statt'd aUovf, that piu'li conditions would rarely be met 
in the inaohino sliop, hut to purchase with inteHi«rence it is neces- 
sary to know how iiiueh manufacturers depend on this fact. Mo- 
tors with a ramn* of ^ to 1 have already been successfully applied 
to machines reipiirinj^ a comparatively small amount of power, al- 
thouidi, as will be pointed out later, ilie apj)aratU8 has not been 
j)erfecteil as fully as is the case with other systems. 

If the lathe considered alKue be e(iuipj)ed with apparatus op- 
eratiiu*" on this system, the relation bi»tween motor horse-iyower 
and that require*! by the machine, shown in Fig. 11, should ful- 
fill the conditions sati^^actorily, as the upper curve is drawn 
throuidi maximum values, and when they are reached the overload 
on the motor would only be 30 jH»r cent. 

Keferrin«»- to the dimensions and ratintrs furnished by one of 
the manufacturers, whose apparatus has shown up very favorably 
under test, we tind that a motor weio;hiniT 1,015 lbs. will deliver 
10 horse-power between a rautre of 3o0r.p.m.and 1,050 r.p.in., or 
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one weighing 2,300 lbs. will deliver 10 liorse-power lietween 225 
r.p.iii. and WH) r.p.m. We recommend the use of tlic last frame, 
as satisfactory commutation should lie assiireti by the smaller 
speed range, namely, 2:iu r.p.m. to 787 r.ji,ni. 

(2) DOUBLBCOMMITTATOR MOTOR (COMBINEU WITH FIELD WEAKBNINO). 

Tlie additional cost of the double commutator motor, together 
with the maintenance of two i-ommututors itistetid of one, aro 
objections to this system that, in our estimation, offset its advan- 
tages for other than special cases. 




ffBuper Min of f^oe Hate. 
Fig. 11. 

<3) EDISON TNREE'WIRB SYSTEM. 

The combination of the Edison three-wire system with field 
weakening f>enuita of a range of 4 to 1, with but 100 [ler cent 
increase in speed by the latter means, and. consequently, elimi- 
nates commutator troubles to a niarkcd extent. 

The balanced three-wire system lias W-cn adopted quite gen- 
erally in the past for lighting purposes, and may In* obtained 
either by means of standard generator, together with a separate 
balancer, or by providing the former with slip rings connected to 
an aiitotransformer from the middle ]K>iiit of which the neutral is 
taken. The latter arrangement is advocated by maim fact u re rs of 
this apparatus. 

The selection of motor to operate on three-wire system for the 
60-in. lathe should be based on curves shown in Fig. 1 2. The same 
assumptions are made regarding overload as in the former case. 
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TIio motor required for these conditioDB, according to one of 
tlte ]>riiici[)t)I adrocBteB of tli» Edison three-wire systeiit, would 
weigh 3,ti(H) llis. iind operate from 220 r.p.m. to 880 r.p.ii). 

|4> THE UNBALANCED TtlKee^WIBB BV9TBM. 

Tilt' milwlHnced tliree-wire syatem was developed to give, witli 
a miniiiiiiiii size motor, a range somewhat greater than It to 1. 
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I' KOtlR-WIKE MULTIPLE VOLTAUE SVSTEMS. 
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ft|i;il uilvtiiiliitrt' nf the rini1ti[i1e-volt&go i^YStem is tli;i 
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iit)si>1iitel\' stiiDiliinl iiHitoi's (till- Kinif as are used for ooiiBlunt 
s[nfil iluiyl lire iisisl witli |MTfi'elly satisfnetory results. This is 
iiot triic of Jiiiv of llu' olliiT sy.-tfiiis. Motors designed to operate 
on a iliree-wire sYsicni iwui^x rnn with full Held, full volta^' at 
iiliont lialf llie iipecd of a (-ons(;nii-s}tt'ed motor for the same duty, 
lliert-forf eatidot he ecouo in it-ally used for tlie latter purpose. This 
is inie to a still j^reatir licirree for uiotors designed to give a wide 
n.iijie of siKitl l.y iiioaiis of lieM weiikeuing only. 

Tlif Tiiaxinnnn nuijfe in s|iiH'(i olitainalile by the systein nniii-r 
■usideriitioii (K'|H>ndA u|ion the voltages adopted and the amount 



I'fiK nSW TORC 

PUBLIC UBRART 



TTIrDBN r«t5NDATTOKS 



^ 



MOTORS IX MACHINE SHOPS 



la 



the tield is weakened, but for purjwses of economy, except where 
coDStant torfjHe is required, the workinfj scsle is usually foiifined 
to the higher voltages. The lower voltages, while used chiefly for 
fitartiiig. prove of great assistance at tiiues for settiiig ii|) work. 

The two BysteniB wliich have lieeii Hdvocated differ in that one 
requires an arithmetical series of voltages, and the other a geo'iiel- 
rical series. In either case a balancer, or specially designed gen- 
erator, is required to give the voltage referred to and four win-s 
employed for distribution. These two features are frequently cited 
as disadvantages that mure ihan olFset the good points of this 




^./^M. Face /=Va,a 
Fig. 13. 

BVStein, but, in reality, they do not complicate matters to any great 
extent nor add materially to the cost of a large installation. 

While, as stated above, the average machine tool may t>e con- 
sidered as requiring constant horse.[)Ower through its m)rking 
range, in numerous instances, particularly when dealing with large 
machinery, we find that rc<[uirements call for an increased horse- 
power with an increa&;,'<.l speed. For such cases the multiple-volt- 
age system is most desirable as is clearly shown by the curves in 
Fig. 13. 

This data relates to a large gun lathe, driven by multiple- 
voltage apparatus. The lower curves are drawn through points 
determined by j:etual test and show the power required to drive 
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the latlie with face plate in place, but othenriBe ranning light 
The power available for tuefnl work ia repraaeDted bj the vertical 
height between the cnrreB jost referred to and llie npper onea, 
which ebow the relation between horse-power and speed of a 
standard 35-horBe power Crocker- Wheeler motor. Snch examples 
are, of course, exceptional. 

Tims far, I have aeanmed the nse of the same range in motor 
speeds, when operating on the spindle, backgear, and triple gear, 
and in the case of lield weakening motors, or those operating on a 
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FiR. 14, 
:'ii tlirti'-wiiv s\stcni and rated as above there wonid not I>e 
IviniiHfri" in doin^ othtrwise. The characteristics of the 
|ili'-vi)liftif<' systfiii, however, are Buch that a smaller motor 
urtt'd. Tlif gear ratios are determined by the 



niri rrciiiu'iilly 

midiii' of the load t-iirw. This fact was borne in mtnd whi 
pliillinj; ihf fiirvi's shown in Fiif. 14 relative to multiple- volta^' 
i'(]iiipim'iit fi»r IuUk' .A.-H. ('or»i[Miny. 

A iiiol<ir wviifliini; 'J.itad Ihs. and operating from 236 r,p.m. to 
S'-ill r.|i.iii. iw riH'dninn'ndfHl by one of the leading manufacturers ot 
lliis appiiratui!. They prefer to rate their motors verj' conservH- 
lively, wliich ncconnts fur the decrease in horse-power with field 
wfiiki'iiiiijf. l!y netual test their motors stand up under these con- 
uina !iw well aw many other makes that are said to deliver coiistani 
'-[lowiT through a range of 2 to 1. 
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(3) NOTES CONCERNING DIFFERENT HAKES OF 

APPARATUS. 

In every instance final decision must rest with the perfection 
of apparatus. One of the most important details so far as efficient 
shop use of the motor drive is concerned is the controllincr mechan- 
ism. For machine-shop duty thoroughly nigged and compact 
controllers are required. Ko contacts should be exj)osed as is now 
the case with the apparatus furnished by a number of manufac- 
turers of field weakening motors. With thoroughly efficient appa- 
ratus it is practically impossible to damage either the motor or 
controller by the rapid operation of the latter. I do not mean by 
this that it is well to swing the controller handle suddenly from 
the off position to the full-8[)eed point, but such action should not 
result in destructive sparking at the commutator or arcing at the 
controller points. 

The satisfactory operation of a controller for the conditions 
under consideration depends largely upon the success with which 
the manufacturer has fulfilled the following conditions: 

(1) Controllers should be completely inclosed in iron casing. 

(2) It sliould be impossible tiirough the manipulation of the con- 
troller to stop the motor at any place on the scale other than theofrposition. 

(8) Rapid operation of tlie controller should not cause seriouH dam- 
age to either motor or controller. 

(4) They should be so designed that they can be easily operated 
from a convenient point on machine. 

(6) A sufficient number of speeds should be provided, dependhig on 
machine requirements. 

(6) Controllers that recjuire frequent operation must be designed 
with liberal contact surface and more rugged in every respect than those 
used principally as '* speed setters," and as a result only operated at 
intervals. 

(7) The design should permit of repairs with the greatest ease. In 
this connection the location and type of resistance grids should be given 
careful consideration. 

(8) Kach spee<l should be clearly defined either by a star-wheel and 
pawl or other means. 

A number of manufacturers have placed on the market con- 
trollers that are giving good results, and in most respects comjjly 
with the above requirements. 
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Motors liHVi; litftfii cleHigri4^1 to aeeoiiipanj ibrse cixitn.»IIer? 
that an* w<'ll HiiiUfil for Hp{iIicatiori to iiiaefaiDes. id so fair a^ tbrir 
•fXt^Tnal dirrHfUHioriH an? conc^erned, hut at the same tinie we f«rl 
HUHf that tli<; eli^crtrical manufacturers who are willincr in ctrrtaia 
(',aH4?H to <]<r|;art from present designs will gain a strong position 
with the niaifhine builderB. 

(4) CONCLUSIONS. 

In all probability a [)aper such as I have prepared for this 
uu'i'i'iu^ of (electrical engineers, would have seemed decidedly out 
of plarn Horiic years ago. I have dealt with matters which would 
then have bc4*n (M)iiHidcnf<l the business of the machine builder or 
riirehanical engineer, and not re<juiring the thought and study of 
the ele<'tri<*al jirofeHsion. It is now realized, however, that the 
motor drive prolilem [)n*HentH many new features, and is a distinctly 
difl'erent ont* from ilw manufacture and sale of standard generators, 
for (•xample. Tlu^ earning [K)wer of the latter is largely dependent 
upon (he (leHign and workmanship, features that can be passed 
upon before lln^ machinery leaves the works. If a power plant is 
found l<) be loo Hinall, more units can l)e readily added without in 
miv way interfc'rint;. with those in use. On the other hand the 
r.iihliM' powrr of Ji motor (Mpiipnient for individual operation of 
iniirliiiirM drpcixls lMi'o;('ly oh conditions over wliieli the manufac- 
liiiri liMii no conlic)!. The eoiiliiiued o;r()Wth of this department 
of hiM oImiiI, Iio\v('\('I-, is irovi-rned by results aetually obtained 
with lii.^ pi-odncl uiidei" workiiioj eonditious, so to protect himself 
iir i' cjillc*! unoi) lo sc(» ihnt tlu^ proper ecpiipment is selected, and 
if p(»Msil»le, nd\ is(» as to its use. As far as the customer is con- 
(M'inrd, it would Usually l»e better for him to close his eyes and 
iMa;.p any oih» of possibly four makes of aj)})aratus, devotinrr hi:; 
timr (»» lis pi'opcr installation aiul operation, rather than reversinir 
the p^^^^'^s^^ as is .^o often done. 

Tin* iMMiclusions reached above concerning the motors re(|uired 
f«»i- tlu* ('►(> in. lathe aii» summarized in the table below: 

Woiu'ht Mill. R.P.M. Mhx. K.P.M 

I'jcM \N caUcniuij 

riiH'r w Ml* ^\ stem 

I «Mir W lie s\ stlMM 
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It must be remembered that the ability of these motors to till 
the imposed conditions was not determined by actual test, the 
data being the recommendations of well-known electrical compa- 
nies who manufacture the respective types of apparatus. These 
figures should at least make it clear that many statements con- 
stantly made concerning the size of motor required for a given 
horse- power and speed range cannot be other than erroneous. 

I pointed out above the conditions which must be met by the 
machine builder necessitating the selection of a type that does not 
require for its operation special auxiliary apparatus. While motors 
oj)erating on two wires and giving a range as high as 4 to 1 by 
means of field weakening do not at present give as good all-round 
results as those operating on the multiple-voltage and three-wire 
systems, we feel that tl»eir adoption by the manufacturers referred 
to is certainly justified. When this is more fully appreciated the 
electrical companies should rapidly achieve better results in this 
direction. 

The customer purchasing for his own use should, on the other 
hand, fllfferentinte clearly hettoeen the machine builders^ require' 
imnts and his own^ for in many cases he can secure more satisfac- 
tory results, all things considered, through the adoption of a system 
combining with field weakening a number of voltages. 
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STORAGE BATTERIES, 



Storage or secondary l)atteries, also called accumulators, con- 
sist of cells in which a chemical chanjjje is broucrht about by pass- 
iufj an electric current throutirh them, thereby rendering them 
capable of giving back electrical energy by discharging them 
until they return to their origiiud chemical condition. 

Ordinarily, a storage battery consists, essentially, of two sets 
of plates suspended in a chemical solution. The ])lates are of 
metal or metallic oxide, and the solution is incapable of acting 
upon them until an electric current is ])assed from one plate to 
the other. This current decomposes the electrolyte; one of its 
constituent elements or radicals goes to one plate, and the remain- 
ing constituent to the other, so that when the passage of the cur- 
rent ceases there are two chemical elements or radicals with a 
tendency to unite, and upon combination the energy evolved 
api^ars as an electric current, which flows in the opposite direc- 
tion to the charging current. Tliis flow of current continues 
until the cell is restored to its original condition; when this 
occurs the cell is said to Ix^ discharcred. 

A Primary Cell is one in which electrical energy is produced 
by the chemical action of one or two solutions on the plates of 
the cell. When the solutions or plates are exhausted, they are 
mt restored to their original condition by the passage of an elec- 
trical current. 

This reversibility or regeneration is the fundamental differ- 
eiice between storage and primary cells. 

An Electrolyte is a chemical compound, cajmble of acting as 
an electrical conductor, and while so acting, undergoes chemical 
decomposition. This phenomenon is called electrolysis. 

For example, when hydrochloric acid is decomposed by elec- 
trical enf^rgy, it is decomposed into the elementary gases hydro- 
gen (II) and chlorine (C!l). The chemical formula for this 
action is, 

211 01 I- Electrical energy.-- Cl^ (- 11^. 
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When Hulphuric acid is elect rolyzed, it is at fiist split up 
into liydrofxon (Hg) and the nidical sulphion (SO^) ; the latter 
combines with the water of solution present and reforms sulph- 
uric acid (HjSO^) and oxygen is liberated. The chemical equa- 
tions for the above primary and secondary reactions are : 

2II3O + 2H2SO4 + Electrical energy = 2H2 -f- 2SO^ + 2HjO 
2Hj + 2SO4 + 2H3O = 2Hj + 2H3SO^ + O, . 

The modern theory of electrolysis assumes that in an electro- 
lytic sohition there are always free ions which wander around 
promiscuously, until the application of an electric current directs 
their wanderings into certain definite directions. 

Any salt dissolved in water is ionized, that is, some portion 
is sepirated into tlie two component parts of the salt. 

When certain metals such as potassium or sodium are free 
in an ionized solution they are said to be in an allotropic state, 
imd when the current is passed through the solution, the metal is 
fn^eil fi^oni its allotropic state, and will in such cases, form hy- 
drates, (^KOIl), (^NaOIlV The tluH>ry also states that the con- 
ductivity of clci'trolytcs is due to the presence of these ions, and 
that tlic non-ioiiizfil portion docs not conduct. 

In ISil-J, soon after ihc invriitiiui of tlic primary cell by 
Vi>lta, (iauthcrot. iK'nioiistralcil the fact that phitinuni wires, after 
lu'iu^ iiM'vl to cKviroli/.t' >:ilinc sohitions. were al^le to j^rodnce 
sivt>iuhirv currents. \'«>lla. Killer. Oavy and others noted similar 
etleels, the ]>lie:io!i!enon IkIhi: what is ciMunionlv called polariza- 
ii«>n. li. l^o'.i riaiilv umlertook a series of exj^erinients with the 
ohjeet K\( >tii»l\iiw- aiul in:ii:nif\ iuvT this etfect and tinallv develoiKHl 
thi' IMant" t\pe i^\ -torai^e hatterv : nearly all successful tyivs of 
sloi'n^-e batteries of tiie piesriit uay are based upon Planters 
in\ en:io:i. 

r> |H*s of Storav:e Batteries : 

I" a \'i Vv. 

('o':.Si;i:it^»:: ■•* ria:.: •■ -t:.-! l-^-ii;re, 

N\>n-;ea«i. 
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PLANTE BATTERY. 

This cell was originally made by placing two plates of metal- 
lic lead in a vessel containing dilute sulphuric acid. These plates 
were connected to an electric generator, and a current sent 
through the cell, which decomposed the elecirolyte and oxidized 
the positive plate. The cell was then discharged ; but the energy 
obtained was very small, since the action was confined to the 
immediate sui'face of the plates. By repeated charging and dis« 
charging first in one direction and then in the other, the oxidation 
penetrated deeper and deeper into both plates, thus increasing the 
storage capacity of the cell. 

The chief difficulty with the Plants battery was the great 
length of time required for "forming'* the plates, which as just 
explained consists in converting the surface of the plates into 
active materials, by repeated chargings and dischargings. This 
takes a long time and is expensive, as it requires a large con- 
sumption of electrical energy. Later on in his investigations, 
Plants hastened this forming process by pickling the plates in 
dilute nitric acid, then washing them in a 10 per cent sulphuric 
acid solution, after which they were electrically formed. One 
ditticnlty with the Plantc system was that plates well adapted to 
the forming process were difficult to make. 

In 1881 Faure devised the method of pasting the lead oxide 
or active material directly upon the plates. This largely avoids 
the tedious fonning process ; but the plates thus produced are not 
as durable as the Plantc elements, being more likely to disinte- 
grate, because the paste is not an integral part of the plate and 
there is considerable difference in the coefficients of expansion of 
lead and of the oxide. 

Innumerable forms of storage batteries have been invented, 
and many of them have been exploited, in which copper, zinc, 
iron and other metals or elements instead of lead were used ; but 
almost all of those now being manufactured and used commer- 
cially are of some lead type. Such being the case, it is safe to as- 
sume or infer, that this lead combination possesses distinctive 
features not present in the other combinations ; and upon investi- 
gation, it is apparent that these features are that the electrodes, 
the active materials and the compounds formed from them are* 
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iiiuW i^very noriiial condition of use, insoluble in the electrolyte 
employed. 

In nearly every other form of battery now on the market, one 
or even both of the electrodes or materials formed on them are sol- 
uble in the electrolyte, and- this solubility is detrimental to the 
storage j)Ower and life of the cell. 

Qeneral Principles of the Storage Battery. Any primaiy 
battery will act as a stomge battery provided its chemical action 
is revereible. The ordinary gravity cell, for example, may be re^ 
generated by sending a current through it in the dii-ectiou oppo- 
site to that produced by it The zinc sulphate and tiie metallic 
copper are thus reconverted into metallic zinc and Bulpliate of 
copper respectively, the cliemicail action being 

ZnSO^ + Cu + Electricity = Zn + CuSO^, 
which is exactly the reverse of the action in the [irimaiy cell. 
There are, however, practical difficulties in the continued recharg- 
ing of a spent gnivity cell, due to tlie ultimate mixture of the 
sulphate solutions and the copper salt reaching the negative 
electrode, whei*e it is deposited and sets up destructive local 
action. 

In some forms of primary cells, the chemical action liberates 
a gas that escapes, so that the action is obviously irreversible. 

Chemical Action in Lead Storage Batteries. The exact 
nature of tlie cheniical changes which occur in lead batteries, is 
not yet fully established. Plantt? believed the charging action to 
consist in the formation of peroxide of lead (PbOj) on the posi- 
tive plate, and metallic lead on the negative, which were converted 
into lead oxide (PbO) on both plates by the discharge. Some 
authorities still maintain this to be the chief reaction ; but it has 
l>een shown by (thulston and Tribe, and corrobomted by subse- 
quent investigations, that the formation of lead sulphate plays an 
important part. 

The probable reaction may be represented as follows : 

)*()sitivc lM:ite. Elfctrolyte. Negative Plate 
CliarjrtMl roinlititm PbOj -f 2U3SO4 4- Pb 

Disohargod - l*bS04 -f 2II..() -f. PbSO« 

Charjfin^ CuiTeiit 
DiBcharging Curreut 
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According to the above equitions, the active mnterial on both 
plates is converted into lend sulphate when the b<ittery ia dis- 
chalked. The reiisfina for believing tliia to occur are: jf."«(, ohami- 
L-al analysU shows that lead sulphata exist.-) in the disubnrged 
plate, second, tlie density of the electmlyte dijcreasea during the 
(liscliarge of the cell, corresponding to the consumption of aul- 
phuric acid and the formation nf \v.iter at shown in the above 
reactions, third, on the thermo-cheraical grounds, tlie cnmhination 
of lead and oxygen as lead oxide (PbO) does not evolve sulBcieut 
energy lo aironnt for the K, .M. V. fir volUiye prodiicoil. 




ig. 1. Guulil -Storage B«tt<ry Plate, 



■ Storage Batteries of the Plante Type. It was noted that 
the serious objection to the Plantii bnttery was the gi-eat length of 
time necessjiry to form the plates, and how I'iaiitd treated them 
with nitric acid to liasteii this action. Other methods are used to 
obtain a qitickeiied formation, and are tabulated as follows: 

1. MeeJiauiml Arlion: Lanitnnted pliilcs, made up of lead 
riblmns. The surface of the plate is grooved wilb 
some forming tool. Built npoE lead wires, etc. 
Ciieviiciil: Treating the phites in some pickling bath to 

produce initial oxidation. 
Ehetroli/tie : Forming a plate of somw cnmpourd of lead 
or an alloy, and either vpHiicing the oomponnd or eat^ 
ing the foreign malt<>r away, having a |HJr<iusli-ad plate. 
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The Oould Storage Battery. This battery is made by tlia 
Gould Electric Storage Battery Company of N, Y., and tlie platea 
aie produced by n L-oiiibiiiation of the first and second methods. 
The plates or blanks are placed in steel frames find given a recip- 
rocating motion between two revolving shafts which carry groov- 
ing discs, giving tlie plates a surface as shown in Fig. 1. No lead 
is removed by this process but the surface is ploughed up. It is 
then subjected to electro-chemical treatment to form the active 
material. The completed cells r.inge in size from a cell of thre« 
plates 3 inches by 3 inches, to one of one hundred and five platea 
each 15.5 inches by 31 inches, and in capacity in ampere-boun 
from five to seventeen thousand. 
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Wg. 2. DUchai^te Curve of a Gould Type "T " Battaiy. 

The curvet sliown in Fig. 2 are reproductions of curvM 
obtained from tests of one of their type — T batteries, platea e-ich 
15.5 inches by 31 inches, and 101 in number, made at the Pan 
Araericiin Exposilion. The weight of tbis battery complete it 
about seven thousand jiiid fifty pounds. 

The Crompton-Howell Battery. A standard form enccess- 
fully used ill Knjjliind, is of the Plantd type, the plates being coiu- 
posed of a porous crj-stalline lead, made according to methnd S 
(see page 5) and afterwards "formed" by repeated charges and 
discharges. The regular dimensions of the i>lates are 9 inches by 9 
inches by ( incli, anil the <lifTerent sizes of cell are made up by 
vjiivii.- ill,' iinnil.ri- „f [,l;t1,.s. .\ <-eIl nf tliis type with sixty-one 
],hu-> liui iiiuiiil.iln ;i clJscljar^T of KlOO ainpcro.s for thirty mln- 
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FAURE TVkES OF STORAOE BATTERY. 

A^ li;is b.-,-u ^iiiirci. the dillicLtliv « ilii the Faiire ty|)e is the 
iral ii'u.ieni'v it luis io .iisinhyrate. Various nielh<nis lo 
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increase the permanency of the adhesion of the active material 
have been suggested of wliich the most important are as follows : 

1, Plates are grooved, roughened, or " pocketed." 

2. Plates are entirely perforated, the holes being circular, or 
rectangular, and varying in cross section ; some have a uniform 
section through the grid A, Fig. 3, others are contracted at the 





Fig. 3. Different Cross Sections of Faure Plate Perforations. 

licnter B and again they may be expanded at the center of the 
gridC. 

3. The active materials may be enclosed in either a conduct- 
ing or non-conducting c^ge. 

4. The plates may l>e made up entirely of active material. 
Faure cells usually have a greater weight efliciency than 

Plants types because the proportion of active material may be 
made greater. 

The E. P. 5. Battery is one of the most important of the 




Fig. 4. Section of £. P. S. Battery Plate. 

Faure type, its name being the initials of the Electric Power 
Storage Company by which it is manufactured in England. It is 
sometimes called the Faure-Sellon-Volckmar cell, being made un- 
der the combined patents of these and several other inventors. 

The plates consist of lead grids cast in an iron mold, and 
have the cross-section shown in Fig. 4. The later types have a 
thin perforated strip of metal (lead) running across each opening 
midway between the edges. The holes A in the grid are com- 
pletely filled with a paste of red lead or minium (PbgOi) and dilute 
sulphuric acid for the positive, while the paste for the negative 
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consists of minium, or litharge (PbO) and dilute sulphuric acid 
or a magnesium sulphate solution. These pastes are pressed into 
the grids and dried. 

The plates are liardened in dilute sulphuric acid, after which 
they are ready for forming. A strong current of 48 liours' dura- 
tion is required for the positive plate Jind twenty-four hours is 
required for the formation of the negative plate. To prevent 
short circuiting after the cells are set up, the plates have glass rod 
separators placed between them. 

The E. P. S. batteries are made in many different sizes and 
types, of which the L type is a good exatnple, being used exten- 
sively in isolated plants. Data of this type ai-e as follows : 



B. P. S. ACCUnULATOR, L. TYPB. 









Approximate External 




No. of 
Plates. 


Maximum Normal 


Capacity 


Dimensions. 


Weight Complete 
with Acid 


Charge or 


Ampere 






Discharge Rate. 


Hours. 




1 


Wooden Cell. 








Length. 


Width. 


Height. 




7 


13 amperes 


130 


5( in. 


13i in. 
for 


18 Id. 
for 


74 lbs. 


11 


22 


220 


8 


woodeo 
aud 12 


wooden 
and 


107 *' 


16 


30 


330 


n 


for 
j];la8s 


13i for 
glass 


143 '• 


23 


46 *• 


500 


141 


cell. 


cell. 


228 *' 


31 


60 *• 


660 


19 






286 •* 



One of tlie smaller types of the E. P. S. hattery is used exten- 
sively in England in electric vehicle work. 

The Exide Battery is manufactured by the Electric Storage 
Battery Co., of Philadelphia, chiefly for electric vehicle duty. 
Tlie plates ^^e c.f the Faure type, and consist of lead-antimony 
grids (jibout 5 per cent antimony) pasted with oxides of lead. 

The grid for the positive plate is of the cage tyi)e, consisting 
of thin vertical libs, the edges of which aie ilush with the faces 
of the plate, and connected by small bars of a triangular cross 
section ; the bars on one face aie staggered with respect to thoye 
on the other side. This finished form is then ])asted up with red 
lead iPh.O,) and formed in the usual way; the thickness of the 
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Biiished pliite is about ^''j inch. From this description it is evident 

tliat t!ie plate is made up in iiccord:iiice with method 3 described 
on page 7, the enclosing cage being of conducting material. Tlie 
active material is in the form of rectiuigtilar peni;ils extending 
from the top of the pl.ite to the bottom. The tliin flat libs are on 
two sides of these pencils and the ti-iiingulai- cross pieces are im- 
bedded in the other two sides whic-h cimstituU; the faces of the 
jilutes. The Exide cull its aliowu in Fiy. 5. 




The uegHti' 
enclosed by a li. 
is perforated at 
ptirforatiooB Hi'u 
which does not 
ill the plute leav 
jections which 
a series of hooki 
the plates. 

The f<rid is 
it is held lo the 




plate uonsiatB of a thin antimony lend shwt 
;hl frame of east lead. The body of the sheet 
[■egular points and very dose together. Tliese 
i not actnal pnnehings (being made by a tool 
remove the nialerial) but are simply holes torn 
ing the material aronnd the hole iti ragged jiro- 
iiirve back towards the sheet, and form as it were 
. These projections are formed on lx»th sides of 

then pasted with litharge (PbO) ou both faces; 
plate Uy the "hooka" as well as Iwing "riveted" 
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l.y [wsBiiiR llmmgb the holes which the projwctiong enrrotmd. The 
thi(.'kiit>8e of tliia tiiiished plats is about ^\ inch. 

Wh«D assembled, the plates are plat^ iu rubber jara at 
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(linu'iisioiis iif above, and separated from each other by wooden 
iHirlitiiin.". In midition ii [)ei'f united rubber sheet is placed against 
Ilie ftu'es of the jH.silive plates. 

Tlie briiiijfliaiii or liaiiaoni battery of this type of cell consists 
iif H eclls of 'r\'-'.' size, having four positive and five negative 
hlales. The Height of this outfit eouiplet« with tray is about 
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1659 pounds, the capacity 156 ampere hours (4 hour, 39 ampere 
rate), the average voltage during discharge about 1.98 volts per 
cell or 87 volts for 44 in series, the total watt-hour output being 
therefore 18,572 or 8,18 per pound of battery complete includ- 
ing trays. 

COMBINATIONS OF PLANTfe AND FAURE TYPES. 

The Chloride Battery, in the form which was manufactured 
until recently by the Electric Storage Battery Company and allied 
companies in England, PVance and Germany, is a compromise 
between tlie Plante and P^aure types, the positive being a Plante 
type and the negative of practically the Faure type. 

The principal features in the manufacture of this battery are 
as follows : The first step is the production of finely divided lead, 
which is made by directing a blast of air against a stream of the 
molten metal, producing a spray of lead which upon cooling falls 
as a powder. This powder is dissolved in nitric acid (HNO3) and 
precipitated as lead chloride (PbCl2) on the addition of hydro- 
chloric acid (HCl). This chloride washed and dried forms the 
basis of tlie material which afterwards becomes active in the 
negative plate B, Fig. 6. The lead chloride is mixed with zinc 
chloride, and melted in crucibles, then cast into small pastiles or 
tablets about | inch square and of the thickness of the negative 
plate, which according to the size of the battery varies from ^ inch 
to r^Q inch. These tiiblets are then put in molds and held in place 
by pins, so that they clear each other by .2 inch and are at the 
same distance from the edges of the mold. Molten lead is then 
forced into the mold under about seventy-five pounds pressure, 
completely filling the space between the tablets. The result is a 
solid lead grid holding small squares of active material. The lead 
chloride is then reduced by stacking the plates in a tank contain- 
ing a dilute solution of zinc chloride, slabs of ^inc being alternated 
with them. This assemblage of plates constitutes a short-circuited 
cell, the lead chloride being reduced to inetallic lead. Tlie plates 
are then thoroughly washed to remove all traces of zinc chloride* 

In the new form of negative plate which has replaced the 
chloride type just discussed, the negative consists of a ''pocketed" 
grid, the opening being filled with a litharge ])aste ; it is then 
covered with perforated lead sheets which are cast integral with 
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tlio grid- Tilt) positive [date is n firm grid, ciiiiipciHfd of Iiiwl 
allu}'e() with about 5 {ter cunt of antiinoiiy, about j\ of an iiii-h 
thick, with circular holoa J^ of an inch in tlianieter. staggered no 
that the nearest points are .2 of an incli apart. Cornigated lead 
ribbons ^^ of an inch wide urn tlieu rolh-tl up into closer spirals 
Jl of an inch in diameter, which are forced into the circular holes 
of the plate. 

By electro-chemical action, these spirals are foniied into 
active material, the process requiring about thirty hours ; at the 
same time the spirals expand bo that they tend to tit still mom 

DATA CHLORIDE BATTERY. 
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closely in the grids. This form of positive is that known as the 
Manchester Plate. 

Modern types of chloride accumulator are shown in Fig. 0. 

Id setting up the cells, the plates are separated from each 
other by special woodpartitions, having vertical grooves to facilitate 
the risingof the gases. Sometimes glass rodn are used as sepjirators. 

The table gives the data of the various tyjjes ami sizes of 
cells. To save space only the smallest and largest sizes of each 
type are given, but in all cases intennediate sizes are made with 



j*V[>ry odd iiuiuIht «f pkU-H. Tin- i-iijiacitifs, weiylile, etc., are ol 

iitoiirsM iifarly jiroporlioiml to the niiiuIxT of jtUtt-s. 
i 'llw bitiuIUt pixiB Hri' provided wilh t-itliiT nihlicr or glsM < 
■gsrs, and tha larger ones, from !•' up, with lead-lined tanks. 
The Tudor Cell has beeu veiy exh?usivtdy u:sed in Earopf, 
ind tu 5oiuiii!Xteiit in tliia uounti-y, althongh it \» nu longer itianii- 
fiU'tiired \wni. Thvi Aim-riL-tin jiatent righta are controlled hy tin 
Eltictric t«torage Battery < oiupauy. 
Till' platffl eoriisist iif iiillvd, grooved sheets as shown in 
Pig. 7. A lit'ing tlio hoUowa or grooves into wliieh the paste is st't 
and B tiic lead fiaiiu'. The ihicknt^sB of the plate lH>twe*n oppo. 
*ilo grooves is alKiut .13 inch for the positive, and ahont ,0'! iiK'h 
for tim negative, Tlii* width of grooves on tlie fKisitive platt> is 
also about .1"^ infh, while on the negative it is about .OS inch. 
I The grooves are lii'at coat«d with a thin layer of peroxide of lead 

^^^ t^'j"v' 'V eleetroIv'Hifi. and then puclted with the oxides as 
^^^ rf!i]uireil; the jilates are then rolled to "fix" the paste. This 
treatment of the grid with an electrolytic bath before applying the 
active material, is covered by U. S. patent No. 413,112. 
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In addition to those given above, all of the intermediate sizes 
are made. 

A biktteryof larger cells la in use in the Head Place Station 
of tlie Edison Company ot Boston, Mass., a description of which 
is given in the Electiical Engineer (N. Y.) of Sept. 18, 1895. 
The plant cout;iins two liatteries of 72 cells each. Each cell con- 
sists of a lead-lined wooden bos, 3 feet 10 inches long, 3 feet 4 
inches wide, and 8 feet deep, in which are suspended 18 positive 
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and 19 negative frames. Each positive frame is composed of 16 
plates 7 inclies squai^ ; while each negative frame has 4 plates 14 
inches square, thus giving an enormous surface in each cell. The 
plates are secured in their respective frames by lead strips. The 
frames are held in jyosition about i inch apart by vertical glass 
tubes, and rest upon thick glass plates placed on edge in the bot- 
tom of the cell ; the frames being thus raised 6 inches above the 
floor of the cell. It is said that these two batteries combined are 
capable of supplying 6,600 amperes at 110 volts for 1| hours, 
which would usually cover the period of very heavy load. This 
is an output of 726 kilowatts, or nearly 1,000 horse-power for IJ 
houi-s, being a remarkably high discharge rate. 
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Fig. 7. The Tudor Battery Plate. 

Formerly it was used in central stations, particularly where 
the rate of discharge was great, as for example when the total time 
of discharge was only li to 4 hours. For this work the negative 
plates were of the chloride type, the positives being the heavy 
Tudor plates described above. 

Lithanode. Mr. Desmond Fitzgerald has made storage bat- 
teries with a positive plate consisting entirely of active materials 
made up of litharge (PbO) mixed with ammonium sulphate 
(NH4)a SO4 which he pressed into the required shapes. This 
plate is converted into peroxide by chemical treatment. The 
negative of this cell consists of the ordinary lead plate. While 
this cell has an exceedingly high weight efficiency it is not of 
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much coin!iiercial importance, though used considenibiy in labora- 
tory woik. 

It is the tendency in Eiiro|K^ to make the positive plate of the 
Phmte form and the negative of the Faure or ])asted type. The 
reason for this is that while the Plante form makes an excellent 
positive, the pasted plate is better for a negative. 

The [)ractice in lead batteries is to make the negative phite 
of greater capacity than the positive, as the charging and discharg- 
ing of a cell in service tends to produce or form more active ma- 
terial on the positive plate, whereas the negative plate is made to 
decrease, so that allowance for this is made as above stated. 

Storag^e Batteries Containing: iletals other than Lead. 
It has already been stated that almost any primary cell will act 
more or less perfectly as a secondary cell ; as, for example, the 
common gravity battery. A great many have been devised in 
which the lead in one or both of the pLites has been replaced by 
some other metal. For example, Reynier made the negative 
plate of zinc instead of lead, this zinc in discharging being con- 
verted into zinc sulphate, which dissolved in the electrolyte. The 
substitution of zinc for lead secures an increase in initial E. M. F. 
from 2.2 to 2.5 volts, and also allows of a considerable reduction 
in weiiT^ht ; since for tlie storage of a given amount of energy the 
w(M«^ht of tlie zinc r(*(|uiriMl is nnu'li less than that of the equiva- 
lent lead. A (liUlciilty witli this typo of cell is the formati<ni of 
*• uccs'' of zinc on the nt^i^ative plat(3 during the charging process, 
whicli are likely to fall off or extend across to the positive j)late, 
ilnis short-circuiting tlie cell. 

Another diilicnlty is the dilTerence in density of the solution 
InHwcen the top and bottom of tlie plates, the tendency being to 
exhaust th(; zinc sulphate from the upper portion of the liquid 
durin<'' charLrinLT. In order to avoid this trouble the plates have 
been ariauLTcd hoiizontallv, so that tlie densitv would be uniform 
for each phitc^; but. the dilliculty then arises that the gases which 
form to a ccilaiix extent in almost all batteries collect between the 
plates aihl iutertere with the cheuiical action and the passage of 
the (Mil rent. 

A similar type of cell has been manufactured by the Union 
I'llectric ('Ompany of New York, in which the negative plates con- 
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Bist of thin sheet coppvr covurcil with an !iin>i1^'iim of zinc, and the 
positive plates Jii-e made up of laminu} of loiiil htjid together hy 
leaden rivets aud perforated with nunieruns t>inall holes, these 
positives being formed by the Plantii process, 

WaddslUEnU Accum 'ilator. The copper iilkiili-zinc primary 
battery of Lalande, Chiiperoii and Kdiaon buing reversible in 
action, Citn be used as a storage battery. WaiWell iind linlz have 
constrnetetl aeenninlatons on this principle. Wlii'n dischiii^t'd, the 
jHwitivc plate consists of |)orous coppiT; on chiiifjing tlic elt'ctrolj'tn 
is decomposed, nietiillic zinc being ilcpositcd im the negative plate, 
the porous copper of tlie positive plate is oxidized, and the liquid 
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Fig. 8- CuiiMruulli'ii uf Ediaoii Battery Plat 



beef les converted into a solution of caus^tic i>otash (potassium 
hyi. ite). 

rhis storage battery has been used with considerable success 
for traction purpose,", but its K. M. K. is so low, being only about 
.7 volt, that it would require 170-180 cells for the ordinary 119 
Tolt electric-lighting cii-cuit, allowing for loss of putential in the 
batteiy and conductors. This numlwr is three times as gieat as 
is required with the lead batteiy. This is a serious objection in 
this or any otlier low voltage cell. 

The Edison Storage Battery nuniufactui-ed by the Edison 
Storage Battery Company of Newark, N. J., consists of a positive 
plat« of BUper-dxide of nickel (NiOj) and a negative plate of 
iron, suspended in about a 20 per cent solution of caustic potash 
(KOHV 
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^^H The mechanical constrD«tion of both plates (positive and 
^^f negative) ia the same, and the grids are made ot nickel-plated 
^H Bteel, shaped as represented tit B, Fig. 8. Eiieh opening in the 
^H grid ia filled witli a perfonited shallow pwket A or box of nickel- 
^^B plated steel which contains the active material, and projects oat 
^^M beyond the body of the grid. 

^^m T)ie active material is made up in the form of briqaettas; 
^^H one briquette being placed in each pocket. A perforated cover of 
^^m nickel steel ia placed over each pocket. After the plates are fully 
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The finished plates liave a tliicliness of about ^\ ineli across tlie weh, 
and across tlie iK>cl(ets of aL>out ^^o jiicli. 

The size of the plate varies with the capacity of the cell, having a 
greater or less number of pockets. The containing jar is also made U]) of 
nickel-plated steel sheets. 

The initial voltage of discharge after recent charge is 1.5 volts. 

The mean voltage of full discharge is 1.1 volts. 

This cell has an energy capacity or weight efticiency of 14 watt-hours 
per i)ound of complete cell. 

Charging and discharging rates are alike, that is to say, the 
cell may be charged at a normal rate in 3^ hours ; or it may be 
charged at a high rate in one hour, without apparent detriment 
beyond lowering the efficiency. 

The current enters the cell at the positive plate and oxidizes 
the nickel compound to the peroxide state, and reduces the iron 
compound in the negative plate to spongy iron. 

The electrolyte in this cell simply acts as a path for the 
psissage of the oxidizing and reducing ions, and its own chemical 
composition does not change. 

The cell is not appreciably influenced by changes in temper- 
ature. It is claimed that it may be fully discharged to the zero 
point of E. M. F. without injury, can be charged in reverse direc- 
tion, then recharged to its original condition and suffer no loss in 
its storage capacity. The curve given in Fig. 9 shows a six hour 
discharge of an experimental cell, at a constant current of 42.5 
amperes. 

MANAQBMBNT OP 5T0RAQB BATTERIES. 

In describing the handling of storage batteries, the various 
types of lead cells will be considered, as they constitute a very 
large majority of cells in commercial use. 

The Battery Room. In the installation of a battery, the 
first point to be considered is its location. The room for this pur- 
pose should be dry, well ventilated and of a moderate tempera- 
ture, otherwise not only will ihe evaj)oration of the electrolyte 
be excessive, but if the tenij)erature he very liifrh, the plates 
themselves will l)e aflfected and their life shortened. The floor, 
walls and ceiling must be of some acid proof material, brick or 
tile being preferable, and the floor so made as to drain readily; 
an outlet being provided for the drainage system. If the room 
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3r should bo ^M 



■bould be ui oM one, and have a wooden floor, the floor should bo 
coated with asphaltiim paint, and lend trays placed below the 
hattcriea; any wood work or iron work in the room should be 
likewise tieal^d, 

The room should be sealed from tlie rest of the building, and 
located near the generating machinery ami distribntion switch- 
board, BO that the copper cnhles miiy be low in cost. The windows 
in the battery i-oom should be either of ground or painted glass, 
8o that no direct rays of the sim m;ty strike the cells, as the heat 
may crack the cells (ghias) or incresise the activity of the aoid, 
■which is not desinil>le. 

In case the battery instaUation is In a cold climate, eome 6» 
TJce for keeping the electmlyte nt a moderate temperature must 
be used. A simple plan is to suspend an iQciuidesceQt lump in the 



Fig. 10, OlasB Insulator for Bntterr Suppon. 

cell and have it connected to some automatic device which will 
pnt it out when the electrolyte is at tlie desired temperature or 
light it when the electrolyte is too cold. 

Setting up the Cells. The battery is usually placed on the 
floor, or upon strong wooden shelves; Fig. 11 shows a form 
adapted to cells of medium size. Iron stands are sometimes used 
for large and lieiivy cells, but they must be protected from acid 
fumes and drip by several coats of an acid-pioof paint. Wooden 
stands should bo varnished, painted or soaked in paraffin for the 
same reason. It is impni'tsmt to have every cell accessible for 
inspection, cleaning and removal, it being desirable to reach both 
sides of the cell. There should also be sufficient head room 
between shelves so that the elements may be lifted out. 

It is highly important that the cells be thoroughly insulated 
from each other, to avoid leakage of current. This is accom- 
plished by standing each cell on four iitsulatora of porcelain or 
glass of the design shown lu Fig. 10. Porcelain is preferable to 
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glass as the latter is sometimes pitted by the action of ^id fumes. 
Lead-lined tanks are usually set as follows: The floor is 
covered with a layer of glazed tile or brick ; on this are placed 
two wooden stringers about 8 x 4 inches carefully jiainted with 
asphaltuni varnish or some acid-proof paint. On these are set four 
insulators held in place by wooden pegs which are kept in position 
by pouring melted sulphur around them. On top of these are 
placed the battery tray and battery as indicated in Fig. 11. 

Oil insulators were at firet iLsed, but oil collects and holds 
dust, and as dust is likely to cause leakage they ai-e no longer 
used. 

For very large lead tank outfits a double system of the sup- 
porting construction shown in Fig. 11 is used, but with individual 
stringers for each cell. 

Glass cells are often set on wooden trays, which are filled 
with sand to distribute the strains and al^sorb the drip. Saw-dust 
was also used, but it becomes carbonized by the acid drip, and as 
this is likely to cause leakage, it has been abandoned. 

In connecting the cells, which are usually put in series, great 
care should l)e taken to join the positive terminal of one cell to 
the negative of the next and so on. The color of the plate is the 
U^st indication of its polarity, tlie positive plate being a light 
brown when discliarij^ed and a chocolate color when charged, while 
the negative varies from a dark slate to a light slate color. 

It may be noted at this point that the nomenclature, concern- 
ing storage batteries, is different from that of primary cells. The 
positive plate in the former is the peroxide plate (l)rown) and is 
that one from which the current flows out in disehanriiiiT, 
whereas that would be the negative plate of a primary battery. 
The positive pole or terminal in a storage battery is an ex- 
tension of the positive plate, and is connected to the positive ter- 
minal of the dynamo in charging; consequently there is much 
less cause for confusion of terms than there is in the primary (^ell. 
It is well to test the polarit\ of each cell and of the circuit 
before making connections. This may be done with any form of pole 
tester, or l)y the positive exj)edient of dipping the two terminals in 
dilute sulphuric acid, the one from which the most bubbles arise 
Aeing negative. The connections should be scraped clean and 
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screwed up very tight, l)eing also coated with acid-proof paint to 
avoid corrosion. The most satisfactory way to connect up a cell is 
to weld or '*burn" the positive terminal to the negative terminal 
of the next cell, though soldered connections ai-e good. 

This soldering is done as follows : Two strips of lead and the 
terminals to l)e connected are very carefully cleansed; the lead 
strips are then clamped to the terminals, a mold placed around 
the joints and molten lead poured into it. 

The Electrolyte. Practice varies considembly as to the 
strength of solution to use. Chemically pure sulphuric acid is 
poured into water until its density becomes about 1.2, and then 
the mixture is allowed to cool before pouring it 
into the cells. The electrolyte should completely 
cover the plates. Cells for vehicle work use an 
electrolyte with density as high as 1.3. It is im- Scaie 
portant to use perfectly pure acid and water, as 
impurities will cause local actions and ultimately 
destroy the plates. 

/I It is well to remember that water should 
never be poured into sulphuric acid, as it is likely T/oflr/ 
to cause the liquid to be thrown out violently. 

The advantage of a strong solution is its lower ^jqhh 
resistance; but it is likely to produce the very 
objectionable effect of " sulphating." ^«* ^2. The 

The density of the electrolyte falls immedi- 
ately after filnng a cell, since some of the acid is taken up by the 
plates; but it rises again in charging; for example from 1.17 to 
1.2. It is convenient to keep a hydrometer in several cells to 
observe the density of the electrolyte, not only at the beginning, 
but as a permanent indicator of the amount of charge and general 
working conditions. 

The hydrometer is an instrument for determining the sp^ific 
gravity of a liquid, and consists of a weighted bulb and an up- 
right glass rod, bearing a scale, the unit point being fixed by the 
distance to which it sinks in pure water at 4°C. Readings above 
this point are for solutions of lower specific gravity than water, 
and those below it are for solutions of a higher specific gravity. 
For 8toi*age batteiy work the specific gravity of the electrolyte is 
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always between 1.1 and 1.3, hence we require only a certain por- 
tion of the scale as represented in Fig. 1 2. 

Charging:. The charging should begin immediately after a 
new cell is filjed with the electrolyte, otherwise the plates are 
likely to become "sulphated." The first charge differs from sub- 
sequent regular charges in that it should lye at a rate (lower than 
normal) that will not cause the temperature of the cell to reach 
100°F, but in all other respects it is the same. 

Indications off Amount of Charge in a* Storage Battery: 

1. The E. M. F. rises from 1.7 volts, which is the minimum 
value to which a lead cell should be discharged, to approximately 
2.5 volts when fully charged, although this value may be made a 
trifle higher or lower, depending upon the rate of charge and tem- 
perature of cell. The riso is quite gradual, but more rapid near 
the beginning and end of the charge, Jis indicated in Fig. 13. 
When the cell is fullv charged, the E. M. P. becomes constant 
and the curve approaches a horizontal line as shown. The charg- 
ing should then be stopped as any more energy passed through 
the cell Is simply wasted in producing gases. The external volt- 
age is higher in charging than in discharging because of the 
internal resistance of the cell and resulting T li dmp, which 
must be overcome in charirinir. 

Tlie measmtMiiriits of v»)lui'^(» sliould alwavs l)e made when 
the current is (lowing citlier in cliarginLif or discharging. 

The K. M. F. on open circuit has little practical significance. 

2. Tf a vt'^'oi'il is ki'jtt of the (^xact number of ampere hours 
of charire and discharLj-e, (he ac(nal amount of enerory in the bat- 
tery at any (inie is known, due allowance being made for leakage 
and oilier losses. P^)r this ])ur})ose any integrating instrument 
such as the Thompson r<M'ordiii'r waKnieter niav be used. 

3. Thr (hnsif// (if the clfrfroh/f*' Ljr.iduallv rises durincT the 
charging operation, Fig. 1 •> ; the density wlien charged being 
ahout .<>■_!'") hi''h('i' than \\ hen discharncd. There is a lair in the 
chan''"c ttf the dcnsitv of the elect rolvte, the acid not beinir al>- 
s(»rhtMl or gi\rii oft" at oiicc hy the plates, hence a little time should 
1)(* allowed hei"(H-e taJNin''- aii\ h\ (liometer readimr as final. 

4. /////////rs- of t/'fs II , -I ij'i ri ,\ off frcelv when tlie battery is 

'<■••« . 

tiillv eharL!(Ml, ^inee the material of the i)lat(\s is then no lonirer 
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able to take up the oxygen and hydrogen which tend to be set 
free by the electrolyaia ; these bubbles give the electi-olyt« the ;i[)- 
peaiunce of boiling, and often they iii-e so fine tliiit tlie liquid 
looks almost miiky white, particularly in ii cell which has not 
been very long in use. 

5. The color nf the posit ice plaUa varies from ii light brown 
on active parts to ii cliwokte color when fully chained, and to 
nearly black when ovcrdiiirged. The negatives vary from jJiUe 
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to dark slate color, hut they always differ in coh.r from the jmi- 
tivts. Tills indication of tin- amount of diarj,'o is acquired l>y ex- 
perience, hut ia quite definite after one becomes familiar with a 
particular Iwttery. 

6. Cadmium Trxt. The apparatus for making tliia test con- 
siBts of a small piece of cadmium, say |" x 5" x jl/ mounted as in 
Fig. 14. A glasa tul)e contains the Cf>nducting wire, wax l)eing 
uwd to protect the soldered joint of copper and cadmium. Tad- 
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mium is used because it will give reliable readings of the E, M- P. 
of tlie ijositive and the negative plates, with respect to itself. In j 
this WBjr a relative Oooditioa of Uie batteir and also of each plate 
oim be determined. 

With normal conditzona of cell, whea folly charged and in 
open circuit, the difference of potential between the positave and 
the cadmium [uece is 2.5 folta or nearly so, and between the cad- 
mium and the n^ative plate is zero or nearly so. In fact it ia 
sufficient if the sum of the readings is abont 2.5 volta. 

To avoid false conolnsions in making a cadmium test, hydrmn- 
eter, temperature and charge data should be 
noted. The cadmium teat ia usually made' at 
the center of the cell to get a nniform current 
distribution. This test gives readings tiie sum 
of which ia less than 2.60 volts, when hydrom- 
eter tests, temperature and charge data show 
(hat the cell is not fully charged; Iwt if tlie 
hydrometer, temperature, and other data show 
the chai^ to be completed, and the cadmium 
gives .1 volt or more below 2.5 volts, the defeo- 
Uve plate ia readily determined by individual 
cadmium readings. For example, suppose we 
have a cell in ivliieh all conditions tend tosWw 
full charge but tiic potential difference is low. ■ 
A cadmium test is taken and whichevor plate 
shows the fallint' off from normal reading, that fir. 14. The 

1 J ■ .1 1 r .-■ J 1 ij 1 Cadmium Tester, 

plate IS the defective one, and should be exam- 
ined for some of the troubles that will be discussed later. 

In some cases the cadmium i-eading with respect to both 
plates may approach zero ; this is caused by a short circuit in the 
cell which should be found and removed immediately. 

In practici.' it is advisable to have the cadmium wet before the 
test is made as the readings increase when cadmium is iirst placed in 
the electrolvte. The simplest way to accomplish this is to keep the 
cailuiiiini tester in a l>eaker of distilled water when not in use. All 
foreiffn matter t^hould l>e carefully removed fiom the cadmium aa 
it mifrht affect the results, li -^m biibhles collect on thecadiriiurn 
they should he taken off, aa they tend to lower the readings. 
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The proper rate of charge depends upon the size and type of 
cell, and is usually specified by the manufacturer in each case, 
since it is merely an empirical fact, being determined by the con- 
struction of the plates. 

The current for charging is ordinarily obtained f ro ^i a direct 
current dynamo, but any other direct current source may be em- 
ployed. The potential required for charging must exceed that of 

the battery, which, during the operation acts as a counter E. MF., 

1> ^ 

the expression being I = — — — , in which I is the current, P the 

K 

potential applied to battery terminals, e the counter E. M. F., and 

R the internal resistance of the cell. Usually P is 5 to 10 per 




40 60 to 100 no MO 160 iCQ iOQ 

Fig. 15. Curve Showing Increase of E.M.F. in a Charging Cell. 

cent greater than «, in order to cause the necessary charging cur- 
rent to flow through the resistance R of the cell. 

In practice P is regulated until the required charging current 

I is obtained. 

p ^ 

The above equation, put into form of R = — . — , enables the 

internal resistance R to be calculated, but as this varies consid- 
erably with the temperature, and with different stsites of charge, 
its exact value is not often considered. 

Another form of the above equation, e = P — IR, shows that 
the true E. M. F. of the battery is less than the charging voltage 
by an amount equal to the product of the charging current and 
the internal resistance. Conversely, in discharging, the total 
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E. M. F. of cell IS greater than the difference of potential P be- 
tween its tcrmimils by the same amount, that is, e = P — IR. 
Hence it is nece^sal•y to know I and R, or to measure the voltage 
when the circuit is open (in which case 1=0), in order to find 
the real E. M. F. of cell. This applies to each individual cell as 
well as to the entire battery, and is important in determining the 
amount of charge or working condition of a particular cell. 

If tlie charging voltage P be kept constant, it is evident from 
the above equ rations that the current I will gradually decrease, 
since the C. E. M. F. or e of the cell steadily rises as shown in 
Fig. 15. This effect is counteracted somewhat by the fact that 
the iiiternjil resistance R also diminishes, owing to the density of 
the electrolyte increasing. This gradual reduction in the strength 
of the charging current is considered desirable by some authori- 
ties, since it enables the cell to take a greater charge than if the 
current were maintained at full strength. On the other hand, 
this diminishing charge makes it difficult to keep account of the 
exact number of ampere hours supplied to the cell ; hence in ordi- 
nary commercial work it is considered simpler to charge with a 
constant current, and if it is desired to keep the cell temperatui-e 
down, the current is decreased near the end of the charge. The 
oliaririnir operation niav be continued until the battcrv is fullv 
f'luir<;e(l as sliown bv tlie indications already stated. Since most 
tvpes of cells are not injured l)v a sliHit overcliarGfintr at a nioder- 
ate rat^^ it may eyen be ('arried a little beyond the charged point, 
as it tends to renioye '* sulphatini^.'" A considerable overcharge 
should b(» avoided as it causes excessive formation of gas bubi)les 
in tlie active materials, is likely to heat the cell and even cause 
disintei^M-alioii and bucklincr of the plates. 

Discharging. A stora^^e battery is in most cases discharired 
within a few hours after beincf charged, as, for example, in electric 
liuflitinij, when tlie (MiLjine and dvnamo are run durincr the (lav for 
charginu^ the battery which supplies current to the lamps durin*^ 
the night. Hut a [)ortable battery for feeding lamps might l)e 
re<iiiir('(l to I'etaiii its charjjfe for several days. The loss of chanT 
ill any battery standing on oihmi circuit is about 25'.' in one week 

• • ^ 1 / * 

but for one (Imvoi* less it is (juite small. 

Mvcii when tlie discharge occurs immediately, the aveiafe 
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voltage and the ampere-hours obtained are less than for the charge, 
as explained under " Efliciency." The loss referred to is additional, 
depending upon the time. 

The operation of discharging is naturally the converse of 
charging, the changes which have been described as occurring in 
the latter take place also in the former, but in the reverse order. 
The normal rate of discharging is usually equal to that of charging, 
but may be somewhat greater. In some cases it is necessary to 
discharge at higher rates, but by so doing a percentage of the 
capacity in ampere-hours is sacrificed. 

For example, a cell whose normal or eight-hour discharge 
rate is 100 amperes, can easily be discharged fit 400 junj)eres for 
one hour, but only 50 per cent of the cell's capacity in ampere- 
hours is obtained at tlie latter rate. 

An excessive discharge rate is injurious to most types of 
storage batterj' plates since it tends to disintegrate the plates, and 
abnormally heats the electrolyte, which hastens the disintegration; 
it is therefore advisable to protect the battery with fuses or aiv 
automatic circuit breaker. 

A storage battery should never he discharged completely^ as ii 
is very likely to become ** sulphated," or otherwise injured; and 
moreover the E. M. F. falls so rapidly towards the end of dis- 
charge that the current would be of no practical value. The limit 
of discharge is usually considered to be the point at which the 
E. M. F. drops to 1.75 volts, though when cells are used at the 
one-hour rate the limit of discharge is 1.6 volts. 

A battery should never be allowed to stand in a discharged 
condition, but should be recharged immediately. 

The charge usually left in a storage battery is from 10 to 30 
per cent of the total capacity, depending on the rate of discharge, 
but this involves no considerable loss of energy or efficiency, since 
it remains in the battery each time and the charging l>egin8 at 
that point. 

The Efficiency off Storage Batteries. The efficiency of any 
apparatus is the ratio between what it gives out and that which 
it consumes. In a storage battery it is the ratio of the amount of 
discharge to what is put in to bring the battery back to its original 
condition after a discharge. 



375 



80 STORAGE BATTERIES. 

In the first place, the " ampere efficiency " or more properly 
the "ampere-hour efficiency" which is the ratio of current in 
ampere-hours drawn from the battery to current in ampere-houis 
put into the battery is quite different from the watt-hour efficiency. 
The latter is the real efficiency, since it considers the energy, and 
includes the voltage as well as the ampere-hours. Ampere efficiency 
may be scientifically interesting as showing the action of a battery ; 
but it is not of much commercial importance. This is likely to be 
used either through ignorance or intention to give a false idea 
since the ampere efficiency is often 1»5 per cent higher than the 
watt efficiency. 

• Another difficulty with the ampere efficiency is the fact that 
it is possible to obtain an apparent efficiency of over 100 per cent 
from a storage battery. Since a certain amount (about 25 per 
cent) of charge is always left in the cell, it is possible to draw 
apparently more anipere-houi-s of current than were put in it, by 
simply discharging the cell more than usual. 

This matter has been investigated by Ayrton, who states : 

" If an E. P. S. accumulator be over and over again carried 
around the cycle of being chained up to 2.4 volts, and discharged 
down to 1.8 per cell, the charging and discharging cuiTcnts being 
tlie niaximuni allowed by the makers, viz., .02() ampere per square 
inch of surface in charging, and .029 ampere per square incli in 
discharging, the working elliciency thus obtained may be 97 per 
cent for the ampere-hours, and 87 per cent for the watt-hours. If, 
on the contrary, the cell be constantly charged up before be- 
ing tested, then for the first few charges and discharges between 
the above limits, and with the same current density in charging 
and discharging, even the energy efficiency may be as high as 93 
per cent; whereas if the accumulator has been left for some weeks, 
then, although it was left charged, the energy efficiency for the 
first few charges and discharges will be as low as 70 per cent." 

In general practice it h:is been found that the efficiency of 
storage battery plants, when in good condition, varies from 75 to 
80 per cent. For instiince, referring to the battery plant at the 
Kdison Electric Company station in Boston, a series of t^ests made 
tliere shows Uie battery installation to have an efficiency of 75 
per cent. 
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Depreciation of Accumulators. The depreciation is claimed 
to be as low as 5 per cent per annum ; in fact both the Tudor and 
Chloride battery installations at the Boston Edison Company's 
plants are insured and kept in repairs by the makers for 4 per cent 
per annum of their totiil original cost. This figure is as low as 
the maintenance of the very best steam or electrical machinery. 
One of the largest electrical manufacturing companies in this 
country has in use a storage battery equipment which, for the past 
eight yeai-s, has not cost a cent in the way of repairs to, or renew- 
als of, plates. On the other hand, the life of storage batteries in 
traction or automobile work has in some instances not exceeded 
six months, tliough it is claimed that these cells were only in«an 
experimental stage. One must be somewhat guarded, however, 
in accepting low figures of this kind since from their nature the 
plates are very ejisily injured and difficult to repair. It would be 
very unwise for any one to purchase a battery without the makers' 
guarantee, to allow less than 10 per cent for its annujil deprecia- 
tion, and this does not include interest, taxes, or other fixed 
charges. 

It has been the practice of several storage battery manufac- 
turers to insure their battery equipments for 6 per cent per annum 
of their first total cost. This insurance is a niaintonance con- 
tract calling for inspection and any repairs necessitated through 

normal use of cells. 

• 

TROUBLBS AND RBilBDlBS. 

The most serious troubles which occur in storage batteries are 
sulphating, buckling, disintegration and short circuiting of the 
plates. These can usually be avoided, or cured by proper treat- 
ment if they have not gone too far. 

Sulphating. The normal chemical reaction which takes 
place in storage batteries is supposed to produce lead sulphate 
(PbSOi) on both plates when they are discharged, their color he- 
ing usually light brown and gray, due to presence of the PbO, 
still on the positive plate. But under certain circumsttinces a 
whitish scale forms on the plates, probably consisting of Pba SOs. 
Plates thus coated are said to be **sulphated." This term is, 
therefore, somewhat ambiguous, since the formation of a certam 
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proportion of ordinary lead sulphate (PbS04) is perfectly legiti- 
mate, but the word has acquired a special significance in this con- 
nection. 

A plate is inactive, and practically incapable of being charged, 
when it is covered with this white coating or sulphate, as it is a 
non-conductor. 

The conditions under which this objeccionable sulphating is 
likely to occur are as follows : 

(ff,) A storage battery may ])e overdischarged, that is, rnn 
Inflow the limits of voltage specilied, and left in that condition for 
some time. 

(i. ) A storage battery may l)e left discharged for some time, 
even thonMi the limits have not been exceeded. 

(V\) Th(^ electrolyte may be t(K) stronir. 

((?,) The electrolyte may l>e too hot (al)ove 125 F). 

{f,) A short circuit may cause '*sulj)hating" because the 
cell becomes discharged (on open circuit) and when chart'ing it 

rt»ceives only a low charge compared with the othor cells of the 
series. A battery may become overdischarged or remain dis- 
charged a long time on account of leakage of current due to defec- 
tive insulation of the cells or circuit, or the plates may become 
short-ciixuiited by })articles of t^^e active or foreign substances fall- 
ing between tht^ni. 

Sulpliatin^r may be. reniovev by carefully scraping the plates. 
The faulty C(*Ils should then he charged at a low rate (al)out one- 
halt* normal) for a lonof ])erio(l. In this wav, l)y fully chanT^in*' 
and only partially discharu^uii;- the c(41s for a number of times, tlio 
uiiht'nlthy siil[)hate is j^nadually eliniinatiHl. When the cells are 
only sliL,^htly sul])hal(Ml, tin* latter treatment is sufiicient without 
scrapiiiu* ; when the im'Hs are v(mt badly sulphated, the charj^e 
slioiiM be at about on«Miuart«'r the normal rate for three davs. 

Adding- t(» the clt'ct rolyte a small (piantity of sodium sulj)hate, 
or cai-boiiatc, which latter is immcdiatelv converted int(^ sodium 
sulphate, trtiiU to liastcn the cure of sulphated ])lates bv deeoni- 
posiuLi" or dis^nlvin^* the uidicahhy sulphate. I'his is not often 
ii>c(l in j)racticc, as a c«dl must be emptied, thoroughly wusIkmI 
and tVoh (drct rolytr added after the j)lates liave l)ee]i restored to 
their j)rop»'r condition before iIk; cell can be used to advantage. 
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Sulph.uing n-n only re«.iu-.es :::•» «'ii.i .:y im' Um i sior.ii:*^ Ku- 
teries, but ako us^a? uii l':.e ii«.tive in.iV.T-.il by fo r::i;:iir »i Sv'ale 
which falls off iir Las :•• :•- :-:iii'Y.nl. I: :..^ • ::i».::o^-> :!:■.' tV.\»\v- 

hiff trouble : 

Buckling, or War: ■::;:: ••: ii '..::•■. i** i-ti ;:>•;•• i l>v unevor. lu'tio:; 
on the two surfaces: for example, ;i :\'.:.:i of white sv.':'::.i:o on 
one side f»f a plate \r:;l iip/Vr?nt the a-ti ii l:o:n takiiii: 'ola.'e liierv, 
80 that the expansion i:i«l cnu:rai.-ti"ii "i iho aorivo mateiial on tho 
other siJe, which rMx-ui-s iu riiirrii.il workiii.:, will o.iiiso tiu* plat.» 
to buckle. This mi or: it W s • .-•'.•riois that it w. aiM Iv irujv^ssihle 
to straighttfii th-^ plate wit':. out hreakiiii; or o:\Kkiiig it; bat, if 
taken in time, it may l)e acoom:)lis!ieJ by plaeiiii: liie war[KHl plate 
betwe**n li-janls, and sul»jeetin;j: it to piessuiv iu a Si'ivw or lever 
preas. Striking the plate is obieoiionaiile, l>e<.ause it eraiks or 
loosens the active material: but, if it shi'uM In? neivssarv to 
straighten a plate in this way. a wn.ulen mallet shoiihl b- useil 
very carefully, with flat bmnls laiil u ruler an«l over tlu» plate. 
Bocklin? mav be caused bv iv.i excessive rale of ehaririniT or dis- 
charging, as well as by snlphating. 

Disintegration. Some of the material may become loosened 
or entirely sepjirated from the plates, as a resuli of various causes. 
The chief of these is sulphatincr. which forms scales ov blistei'a 
that are likelv to fall off. thus gradually rcducini; the anitmnt of 
active material and the capacity of the cell. Uu«kliiii^ also tends 
to disintegrate the plates. Contraction and expmsion ot the 
active material may take phice in normal workinij^, and are in- 
creased by excessive rates or limits of chari:^inj^ and disv-lunyinj^. 
This constitutes another cause of disintcixration, narticularlv in 
plates of the Faure type containing pluLfs or pellets of lead paste. 

The fragments which fall from the plates not only involve a 
loss of material, but are also likely to extend acr»»ss or leather Ih*- 
tween the plates, and caiLse a short circuit 

The positive plates are far more susceptible t(^ and injured by 
these troubles than the negatives. The former are also more ex- 
pensive to make, therefore it is to them that special attentitui 
should be directed in the management of storage batteries. 

Short Circuiting of cell may be caused by conditions pn^ 
yiously stated and also by the ( ollection of sediment at Un; Ixittom 
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^^H of the unntaining L-ell. The alioti oimuiting caused by the drop- 
^^^K P>"n ><■ o' foniigti mutter, O' t1ie bridging of tin; iu^tive miiteriala, 
^^^H is jirevi^JiUid by the ime of gla^, ruhher or wooden Be{)iirut(^rs. 
^^^H Till' sliort circiiilitig of '[thitoi by tli'J formation of sudiment 

^^^H is prevented, or the tihani^ea of it are deureased by raising thO' 
^^^H pbttvs so tliat they clear the bottom of tbo containing cell. In 
^^^H small batteries this clearance la about an inch, iii large cells it ia 
^^^^^ considerable, being about G inches, and on account of the weight 
^^^^1 of large sized pliittM they are Hnj)[>orterl at the bottom by glass 
^^^K^ frames rurmtng lengthwise through thti cell, as shown in Fig. I6. 
This sediment should be watched carefully and when it 
reaches a depth of 1 inch or more »t the center of the cells, it 
should be removed. The u»ual mi-thud is t) take out the plata8» 
syphon the electrolyte off c;ii-efully. and then flush out the tanks 
until all the sediment is removed. If syi^honing ciinnot be resorted 
to, due to aljsence of drop, a pump may be used, either of gl^ss or" 
of the bronze rotary type. 

Troubles from Acid Spray. An accumulator givea off occ^ 
sional bubbles of gm at almost any time or condition ; but wheal 
nearly charged, the evolution becomflsf 
more rapid. These bubbles, as they 
break ut the surface, throw minute par- 
ticles of acid into the air, forming a fine 
spray which floats about. This spray 
not only corrodes the metallic conneo- 
tioua and fittings in the battery room, 
but is also very irritating t« the throat 
and lungs, causing an extremely disa- 
greeable cough. 

Gliiss eovera are sometimes placed 
Slip- "^^'" cells to prevent the escape of fumes, 
but this is not advisable as the glass be- 
comes moist and will collect dust, thus 
forming a cnnducting surfr.oe over the cell. 

Attemjits have been made to do away with this aprayicg by 
placing an oil film (thin layer of oil) over the electrolyte, but 
this lias the objection of interfering with hydrometers ; in addition 
it sticks to the surface of tlie plates when they are removed, and 
interferes with their conductivity on replacing them. 
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Another j»laii c-r^nsist* of spreaiding a laTrr of fiwCy ^^rttam^ 
iated wwk over the sutLm:* of the liquid, hut whi'^r ih:* %>.>«; ^w^ 
interfere xnth the hYdnc«iDeter, it makes the cell ;i>>k a;TiT. 

The genend practice is to depend almost er.iirt^lv i;jv\n WMih 
lation to get rid of the *cid fnines, in fact* even IiMvxnI \^e!^t:i)al:^^«li 
is used. A blower forces fxesh air into the n>^nv m+,i< >, is y<^N 
vided with a free exhanst. 

In ocmnecting up the cells, it is advisable to us»e li>i^v<v^v»^!!y^ 
copper caUes, as this covering protects the copjvr, a:>d jvr»rxy«l:ji 
the formation aud the dn»jiping of copj^r salts in:o :ho 00',*, 

The Parity of the Electrolyte is very inijx^rtaTJt^ Aaf>ti ^r^r^NU 
care should be taken to insure it. The elev^trolvte tn.^v h^x^^ >ftit:rv 
acid present when '•formed" (Plante") plates are us^si a«^i ^'^iw 
chlorine, when *- Chloride*' negatives are used. In a%Vlit^\rk i^i*^ 
may be present due to the water or acid ; if the suljAhurio *r^i «^ 
made from iron pyrites ; it may also Iv present* owin^;: tx^ tW wv^ 
rosion of iron fittings near the cells, some of tlie so,ile ftir*i^^ i^^t\N 
the electrolyte. Similariy some of die ci>p|>er salt fontvtsi t^xsw 
the connections bv this corrosive action may fall into the ^ysK 
Mercury may also be present due to the breakngi* of h\>lT\MW4xsr5^ 
or thermometeis. 

Other foreign substance might be present^ Init th^vsse tvan^ 
are the most harmful. 

Nitric acid, even in exceedingly small quantitifX^* will \NAW^e 
disintegration of plates, as the supporting material is dt\iit4\\\>sl> 

Chlorine has a similar effect. 

Iron, mercuiy and copper produce Kval aotion* and tU\w 
decrease the efficiency and ultimately the life of the \H*1K 

The electrolyte should he testoil alxnit onoe a wtvk fx\r tUt>!^ 
impurities, and if any of them are present* it shouUl In* dniwu otV 
and renewed. If nitric acid is present^ it is oven advisable U> fltiah 
the cell with pure water. 
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<''""^"""" 'r:;<<:^ 01;i.rs 'overe are sometimes placed 

.,.,. '>v<-f ''*-!!» U) pn-v#frit the e^^-ape of fumes, 
\,ni\ \ ."I »'/ !'/• /' ;.» h'//' };:,t. tlii- i' not H'ivisalile as the ghiss be- 

corn*:/) rn'/iHt arirj will collect dust, thus 

Alli'iMj.hi ItA'.t' \f*'i'ii frijuhf to do a-.vay with this sprayirg by 
pliMiii;/ iiii oil (iliii nhin l;iy«'r of oil; ovtT the electrolyte, but 
thin h.ift th<' objiMtioii of it\\fiU'v\u^ with hydroiin'ters ; in addition 
it iilirk«» fo ih<* miifaci' of \\ir plati'H wh(*ii tliey are renioved, and 
' ^mrtm with tht«ir conductivity <jii rrplucing tbem. 
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Another plan consists of spreading a layer of finely grann- 
lated cork over the surface of the liquid, but while this does not 
interfere with the hydrometer, it makes the cell look dirty. 

The general practice is to depend almost entirely upon venti- 
lation to get rid of the acid fumes, in fact, even forced ventilation 
is used. A blower forces fresh air into the room, which is pro- 
vided with a free exhaust. 

In connecting up the cells, it is advisable to use lead-covered 
copper cables, as this covering protects the copper, and prevents 
the formation and the dropping of cop[)er salts into the cell. 

The Purity of the Electrolyte is very important, and great 
care should be taken to insure it. The electrolyte may have nitric 
acid present when " formed " (Plant^) plates are used, and some 
chlorine, when '* Chloride " negatives are used. In addition, iron 
may be present due to the water or acid ; if the sulphuric acid is 
made from iron pyrites ; it may also be present, owing to the cor- 
rosion of iron fittings near the cells, some of the scale falling into 
the electrolyte. Similarly some of tlie copper salt formed from 
the connections by this corrosive action may fall into the cell. 
Mercury may also be present due to the breakage of hydrometers 
or thermometers. 

Other foreign substance might be present, but those named 
are the most harmful. 

Nitric acid, even in exceedingly small quantities, will cause 
disintegration of plates, as the su[)porting material is destroyed. 

Chlorine has a similar effect. 

Iron, mercury and copper produce local action, and thus 
decrease the efficiency and ultimately the life of the cells. 

The electrolyte should be tested about once a week for these 
impurities, and if any of them are present, it should be drawn off 
and renewed. If nitric acid is present, it is even advisable to flush 
the cell with pure water. 
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5. To make the load on engines or prime movers more 
uniform, by dialling the battery when the load ia light. 

6. To transform fiom a higher to a lower potential by 
charging the cells in series, and dischaigiiig them in parallel, or 
vice-versa. 

7. To subdivide the voltage, and enable a three or a 6%-« 
wile Bystem to be operated frotu a single geuerator. 




rig. 17. Oould Portable' StoriigP Batlery. 
T.I supply current fntjii local winters up siiUtalion*. 
Tu (*u|iply current to I'loctrit-allv .Iriv.'ii *-tMfl 
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10. As sources of current in telephone and telegraph 
systems. 

11. For car lighting purposes. 

12. As sources of constant potential and current in elec- 
trical laboratories. 

Portable Storage Batteries. The storage battery is practi- 
cally the only means of supply for portable electric lamps, or 
those not connected to a dynamo even when they are not portable. 
The primary battery is expensive and troublesome to o})<'rjite ; and 
has never been commercially successful for electric lighting or 
power, except where only a very small amount is required. Nor 
is there any other satisfactory primary source of electrical energy 
except the dynamo driven by mechanical power. It is therefore 
practically essenti?.l to adopt storage batteries wherever portable 
electric motors, lamps, etc., are used. 

The various manufacturers furnish portable forms of storage 
batteries : for example, the Gould Storage Battery Company's 
portable battery (Fig. 17) is arranged in a case made as a hard 
rubber jar, lead-lined Ik)X or glazed earthenware jar, over which is 
placed a rubber gasket, and then a wooden cover clamped in place 
by U shaped straps, passing around the contivining vessel. For 
ventilation in charging, the cover has threaded holes which, when 
tlie batteiy is in use, are closed with hard rubber stoppers. The 
usual number of cells in a case is from one to five, although 
they are made up in larger numbers if desired. The batteries 
are rated at 2 volts per cell. 

A serious objection to portable storage batteries is their 
great weight. For exanij)le, :i standard size wcitrhintjr (U) lbs. 
yields 5 amperes at ten volts, or fifty watts for ten hours : just 
enough to feed a 16 C. P. lamp. The total discharge is 500 
watts-hours or two thirds of one II. P.-hour. The special forms of 
battery used in automobiles give about twice this output for the 
same weight. 

This weight is almost prohibitive to portability except for 
automobiles, railway train lighting and special purposes. 

Portable batteries, for example, are used for feeding small 
motors, lamps etc. for medical or dental purposes, in w^hich cases 
their weight is not a serious difficulty in view of the importance 
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^^H of the work, and the small amount of energy required. Another 
^^^^ special Held for very small batteries is the theatrical application 
^^^H for which they are carried by the performers. Storage batteries 
^^^1 are also being extensively used as so\irce of power to drive small 
^^^B fan and kinetoscope niotms. 

^^H storage Batteries for Preventing Fluctuations due to un> | 

^^^B steadiness in the driving-power or in the load, as with elevators, I 
^^^H are often applied sucressfiiUy. A dynamo driven by a gas-engine^ 
^^^H for example, may vary periodicatly in speed because of the explo- 
^^^r sive action of the gas in the cylinder; and a battery connected in 
I parallel with the dynamo will have the effect of steadying tha 

voltage. A storage battei-y ia generally inabilled in connection ' 
with a Hmall gas or steam engine lighting plant to enable the ^ 
engine to be stopped for a considerable portion of the time, and i 
tlius save labor and attention, in wliicli case the battery may ^Iso 1 
act to prevent fluctuations. A windmill electric-lightiug plant 
must have an aecunmlator or some other means of stormg energy, 
not only to eliminate fiuctuations in speed which are continually 
occurring, but also to bridge over the considerable periods of calio , 
weather, 1 

To Furnish Energy During Certain Portions of the Day ' 
or Night. In almost every electric-Iigiiting piant, there are long 
periods during the day and late at night when the number of 
lamps lighted is so small that it may not pay to run the generat- 
ing maehinery. 

For example. Fig. 18 b a load diagram showing the weekly 
output of the electric plant of the Astor Building in New 
York City. The generator plant rnns from 3 a.m. to 8 p.m. each 
day, the battery being charged from 3 a.m. to 11 a.m.; and 
when the generating plant is shut down at 8 P.M. the battery 
carries the entire load from then until 3 a.m., when the plant is 
started up again. Saturday nights the plant is shut down at 
eiglit o'clock, and the battery funiiphi'S all the power required 
from then until Monday nioruinfr at 3. Tliis enables the plant to 
bo operated by two ganffs or shifts; praotit-ally no labor being re- 
quired for tlie reniaiiiinif seven hours as the battery carries the 
load, and the iriadiinory ia stoppt'd entirely all day Sunday, giving 
a at retell of ihirty-one lion rs once a Mi*k and seven hours each 
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As a matter of fact, the storage battery secures otlier advan- 
tages so that the total gain may be veiy inipi)rt»nt. For example, 
there is a reserve supply in caae of accident and the load may be 
made more uniform as will now be explained. 

Storage Batteries to Maintain Uniform Load on Enjflnes. 
Steam engines are very inefficient at light loads, and this fai^t 
often i-auKca serious losses i.«pecially in electric-lighting plants. 
Judii-idus selection of the imniber and sizes of the engiiies enubU- 
them to be worked in most cases at a considerable fraction of 
their full ca[«icity nearly all of the time. Nevertbeleas, the stor- 
age battery gives greater flex;ibility to the plant, and reiidcra it 
easy to increase the economy of the engines by making their loads 
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still more uniform, and nearer to their full capacities while they 
are running. The engines can be made to have a uniform full 
load, tlie battery being charged when the external load is light, 
and the Initteiy taking the peak of tlie load when it is heavy. 

Storage Batteries Used as Transformers. If the cells of a 
batterj- are arranged in series while Ijeing chaT^ed. and in parallel 
for discharging, a high volume will be required for charging, and n 
low voltage will be given out. The amounts of energy measured 
in watt hours are the same, less the loss of about 25 per cent 
which always occurs in accumulators ; the result is similar to that 
obtained by an alternating cuirent transformer or motor-dynamo 
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but is less efficient. As an example the equipment used at the 
Brooklyn Navy Yard may be mentioned. It consists of {ibout 260 
small cells connected up in series parallel of 5 sets of 50 cells 
each and charged on a 110 volt circuit. When discharged they 
are connected up all in series and give about 500 volts but Tvith 
very small current. This equipment is used to furnish 500 volts 
for the ** insulation test" of cables and therefore requires little or 
no current. 

Storage Batteries Used for Subdividing Voltage. The 
most important practical case Ls that in which a dynamo of 220 
volts charges a battery of corresponding potential, a three wire 
system being supplied from the battery, the neutral wire of which 
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Fig. 20. Battery used to Sub-divide Voltage. 

is connected to the middle point of the battery as represented in 
Fig, 20. This arrangement avoids the necessity of running two 
dynamos, and allows the battery to be placed in a sulvstation near 
the district to be supplied, so that it is only necessary to run two 
conductors to that point instead of three. The same principle ma}' 
be applied to the five -wire system. 

The Hartford Electric Light Company was one of the first in 
this country to introduce the modern method of high tension 
transmission, with low-tension 3 wire distribution. 

The auxiliary battery used in connection with this equip- 
ment consists of 130 Chloride Accumulators (65 on a side) each 
cell containing 31 negatives and 30 positive plates, each 15i" x 
31", ])laced in lead-lined tanks measuring 58| x 214 x 43^ inches. 
Fig. 21 is a diafrram showing the general ])lan of tlu* system. 
The power is transmitted lO.S miles from tlie Farniington River 
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Power Station to the Pearl Stieet Station, in Hartford, by means 
of Bt*p-up transformers, a ten tliousand volt transiijisfiion line, and 
etPi>down tinnaformers for distribution. From Pi-iiri Stj 
Station to State Street, a distance of three thousand feet, the 
rent is tranamitted at twenty-four hundred volla, at wliich latter 
point, by means of step-down trausfomiera and rotary t-onverter, 
the stonige buttery is charged and the current distributed over a 
low tcn.-ion three wire system. 



and r 



m 




Pifi, 21. Plan ot tlie Farmington Bivet— Hartford Dlxlribution System. 



3tora£e Battery fur Sub-Stations. The plitn of iiistalliiig 
battery plants at local centers, which are charped from the main 
stiitinn, enables some of the conductoi's to be saved in a tliree (or 
five) wire system, as already stated. It also makes it possible to 
reduce the size of these conductors, because the current which 
flows over tliem can be kept priictically constant, so that it is not 
necessary to have them large enough to carry tlie maximum cur- 



STORAGE BATTERIES. 45 



rent consumed by the lamps, etc. which may be several times its 
average value. The generatuig machinery has the same steady 
load as if the battery were located near it. 

The batteries at the various sub-stations may be connected 
and charged in series or in parallel. The former plan would 
require far less copper in the conductors since the voltage is mul- 
tiplied by the number of batteries in series, and the current is the 
same as for a single battery. On the other hand, this great dif- 
ference of potential would exist between the first and the last bat- 
teries of the series and if either of these became grounded, any 
peraon connected to the earth and touching a wire supplied by the 
other batteiy would receive a shock due to the total voltage. 

An excellent example of the storage battery sub-stition is the 
Bowling Green Plant of the New York Edison Company the de- 
scription of which is as follows : The Bowling Green Station fur- 
nishes an auxiliary supply of current directly from the batteiy, 
enabling the feeders, extended as tie feeders into the Bowling 
Green building, to be used as distributing feeders to the system 
from both the Duane Street and Bowling Green Stations. While 
acting as an auxiliary supply to the general system, the battery 
also takes care of the distribution of current to the extensive in- 
stallation in the Bowling Green Building itself. The supply of 
current to charge the battery is tiken from the Duane Street 
Station, about a mile distant, over four tie feeders equipped with 
controllable dLsconnective switch boxes on the Bowker-Van Vleck 
system. This enables them to be used as tie feeders by discon- 
necting them from the general system during the hours of light 
load, and as distributing-feeders during the hours of maximum 
load, when they feed current into the system from each end. A 
considerable saving is thus effected in the investment because 
costly feeders are not required to supply the maximum load to a 
distant part of the system. 

This installation of an auxiliary source of current supply in 
the lower district makes it possible to shut down the generators 
in the Duaiu* Stn^rt Station durintr the lumps of niinimuni load, 
the su|)ply of cunvnt to the district below 8th Strt'ct bt^injr de- 
rived from the battery ])lant8 at Bowlines (ireen and 12tli Street 
Stations, supplemented, if desired, by the supply of current from 
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the 26th Street Station over the tie lines to 12th Street Station, 
whence the eunvnt is distnbated through boosters misiug it to 
the required potential, over the tie feeders to the Duane Street 
Station switch board. The batteiy and operating rooms of the 
Bowline: Green Station are located in the sub-basement of the 
Bowling Green Office Buildiug. Vitrified hollow tile for con- 
d icting the feeder cables are laid under the batteiy room floor, 
which consists of glazed white tile. Drains to carry off the 
water or acid run in the aisles between the cells and lead to small 
ce&spools which discharge into a lead drain pipe. 

The battery consists of 150 Chloride cells, seventy-five in 
series on each side of the three wire system. The cells consist of 
wooden tanks, 40} by 21^ by 30^ inches, treated with an acid 
proof paint and lead Uned, each containing 14 positive and 15 
negative plates 15|^ inches wide by 31 inches high. Each tank is 
supported on four petticoat porcelain insulators resting upon 
6-iiich glazed tiles. 

The plates are suspended in the tanks by shoulders resting 
upon sheets of heavy glass, which stand upon lead saddles in the 
bottoms of the tanks. The cells are connected by welding the 
plate terminals to lead bus bu-s, no mechanical connections being 
used. 

Twciiiv of tlie i'ud cells on each side of the system are used 
for regulating; l>eing s»^i)ar<itely comiected to contact points on 
the recriilatincf switches, whicii carry movahle contacts operated l)y 
a screw. The potential is raised or lowered by cutting in or cut- 
tint^ out the recrulatinLC cells. Two reirulatiniX switches are con- 
nected in multiple on the positive and two on the negative sides to 
permit of discharge at two potential-;, or to enable the biittery to 
be charged and discharged simultaneously. The conductors be- 
tween each series of cells, and between the reixulatinsr cells and 
the regulating switches, consist of co{)per bars 3 inches wide by \ 
inch thick. These bars are supported on porcelain insulators 
restiuix in haii<xei*s. 

The connections of this equipment are shown in Fig. 22. 

'I ln' c:ij»:iciiics i\[ ilir 1)att('rv at \arious ratt's of discliai'ire arc: 

'3mk» .iniju'rcs per >n\r for 1 hour. 
1<»(KI ;iiii|H'r<'s |H'r >i<lr ft»r "> lu)iirs. 
100 tiin|H*res per sidt' fur S liuiirs. 
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Provision \ins Ix-eii made in the l>attery-roora for the installa- 
tion of !i ihiplicate kittery, wliich can Iw plocetl over tlio prt'seiii 
plant. The BiKJster is used to Rilse the voltage frani that of the 
system to that reijuii-eil for chiirgiiig the hatteiy. The l>oostei 
can be used also to niiae the voIUige of dischai^e for feeding some 
distant point of the system at a higher potential than would be 
QOrmaily required. The machine consists of one positive and one 
n^ative dynamo at each end of a common shaft driven by two 




Fig. 22. ConnectloQB of the BowllDg Green Storage Battery Sub' station, 
motors. Each dynamo hasa capacity of 1200 amperes and a range 
of pressure up to 60 volts. 

Storage Batteries Used for Two or More of the Above- 
named Purposes. Each of the different uses has been considered 
8e[ianitely to avoid confusion, but in most cases the storage bat- 
tery is adopted in order to secure several advantages. By thus 
combining different applications the plant is rendered not only 
more economical, but also more flexible. For example, the bat- 
tery may Ite utilized to help out the generating machinery at 
times of heavy load, or when the latter is partially or wholly di»- 
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:ti>lfl. Ii oftt'ii ]i:tp!f]is tli.it it is ilitVieiTit to pioduce or main- 
tain .Niiiiirit'iit sif ini-iir.">>in»-. uwinL^ to [M«ir dnift or other cond:- 
ii«'ii>. in wliirii »:\rMi :i liiit«*rv riialilt'S tlit- l»ilei*s to l)e tempon- 
rily r^iir-v. .1 nf s.nn.* i-r all of tlie drain ui>on them while the 
l':«'-»»iiro \' lit-iiiiT iaiM'il to the proper point. It may also be 
lii- r^.iiy .', If >ir;tlile to .>]iiit down the machinery or a i)ortioii of 
ir. t«:n: .r.irily. in ord-r to ni;ikt- some rei»air or adjustment. It is 
;iN»» J os-ililr :■• iti fl >i»nie t'f ilio riieiiitj? from the liatterj' wliile 
U.K.' *.n\.K':< ni.'.y In- >u:«piifd at a hiijlier or lower voltage by the 
Mia' hinei V. In ti:i">t' an.} nianv other wavs the storaw Iwttery mav 
\k- a .'iivi/niLMit ailiun«.-t to an electrical svstein. The fact that it 
is >'i la-iii-aiiv diilVrfHt from the machinery in its nature and 
.i''*.i<in ni.ikt^s it Vfiy unlikely that the entire plant will l>e crip- 
p!''l a: a'ly iii** tinit^, >i:ici' the two sources of current are not ex- 
pii-r-.i :.i ri,,. >.iTi|.. .hiiiu't-rs. An ateiilent to the steam-piping, for 
in-*. ;:.'.■, i.:iL:]:t -hut d»iwn all the machinery, hut proUibly it • 
wii.r.d n«-: .;:: •'•I ilif hatrerv : and, vi «.•»*- versa, an accident to the 
lattr-r i< n-'i !;kr-ly m rxi«'nil to ilu.' fMrnier. 

A- an ••>::i::.p.»' «»f :hi-i aiiplieati^.u of tlie storage battery to 
>-ve:aI • :r ;■'•<•->. :!.'• Vti'l.iwin-^ '-ast' mav Ik* i-ited : 

I'l •• ;:.-:.•.'.! i*.'«'n <■:' >TMi.i':;ffr haiii-rifs at the power house of 
•':.- Vn" ^ -■ ll w.'.t ■nii-any. in \VM>:ii«:'ld. Mass- pre- 

- ^■- : " :. - : -• !:.w :■•-:. Af:-:- i i.«;isi«h-i iuir various 

:i.' ■ ■« ■ ' ': .- ^ ., • ■■ :■ '.V ..:-■. i.;;<»' ..-Mia'-irv, rrn«lered neces- 
-. ■ *."■■ ..-■.. ■-. • : i"; '■\t'-::-"."n \>i tiic liur, it was 

.■ ' • *. " .■ -:_:■■ ':• i:t':y .'tnit.'.i ;iif irreatest mlvantages. 

1. - .' .::.•■.: I- i.-:<:s mi tw<» T-"»-K\V. niuhipohir 

_■•].■: - : '.v. 1 -J" H.I'. !::_::.— pi'.'d. >iinple. nnuK-oii- 

; - _ . >. -: . ;:.-: i:.::.:-:eil I'V two l*U M.P. retum 

1: IV- -">> :' '2 t ''K^'.\< oi li.e '• ('h!i)ride Aecuniu- 

. ' !' I -"! \ :: .: -- i- ■•: Tvi'O K-1 •), ]»«'!niitiinir an in- 

' - ' ; . V ..' ::■' .iM ::• :: .'t* on'* p.iir of ['lates in each 

. ■. : - • >■ : : .; >•:. "'. ■■. ik •xu-n^iini !■) tii«* [i-iwer house. 
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stalled as a voltage regulator, the feeder system being so designed 
that the drop on the line is only a small amount. 

By means of the battery the load on the machinery is re- 
duced within the capacity of one unit, leaving the second one as 
a reserve in case of an accident or an unusually heavy load. 
Without the batteiy both machines would be needed nearly all the 
time. 

The economy of operation, due to using one unit instead of 
two, is clearly shown by the following station records. 

Output Lbs. coal. 

Date, 1^9. Lbs. coal. kw.-hrs. per kw.-br. 

With battery ^ Oct. 26-27 16,260 3,032 5.36 

Without battery Oct. 28 6,260 081 6.37 

This shows an increase in the coal consumption of 19 per 
cent, on the day when the operation of the battery was discon- 
tinued. The plant is also noteworthy from the fact that Ihe 
station attendance is reduced to one man per shift, the engineer 
doing his own firing. This arrangement could not have been con- 
tinued under the conditions of increased load, had it not been for 
the improved regulation and reduction of coal handling, and espe- 
cially the increased reliability of operation secured by the battery. 

On several occasions the battery has Ijeen called upon to 
carry the entire load of the system for an hour or so, during a 
temporary shut-down of the rest of the plant, as well as early in 
the morning or late at night, when only one or two cars are in 
operation. 

Storage Batteries for Propelling Vehicles and Boats. The 
storage battery is usually about 35 per cent of the total weight in 
the modem electric automobile, and even with this great propor- 
tion, the distance run on one charge is seldom more than from 20 to 40 
miles at a speed of about ten miles per hour, and that only on 
comparatively smooth roads. The battery equipment varies in 
different tyj)es of vehicle, but is generally 24, 80, or 44 cells and 
of a capacity in proportion to the size of the vt»hicle. 

In cities or where the roads are good, with charging stations 
close at hand, the electric automobile is superior to the gasoline 
types, on account of the absence of explosive vapors, with the ac- 
companying odor and noise. But for general touring they are not 
as handy on account of the limited capacity of the battery. 



395 



The application of the sltiriigu Uittery to the street car, while 
preseutitig such great adviuitages as the satire abaence of [xilrs 
HDtl overhead Mires, hAs not l>e(!ti A commercial success, mainly on 
Hcctmnt of the mechanical weaktii^^s of the plates, which ai'e not 
ahl<> to Htatid the jolting and jarring or the rush of current due to J 
friM]Ufiit starts ami eloj.ii. Anolht-r ohjwtionabic ft-atiirf was the'l 
eecspa of Mid fomea ioto the ear, prodnoing throat irritatiou. 
•ad cooghB ftmong the puaengBn, ftltbon^ this ma OTeroome hj 
the nee of bns. 

The atnnge faKtteiy hui heen oompumtively taeo c B rf ol m ft 
KMoroe of power in Bobmarine boati, heing ohuged while tlie vee- 
■el is on the'aortnce, and dtiohsrged to tdd eteebio moton Mid 
Ijghti whoi the vessel ia nuutoeoTering aoder the sut&oe. 

Stomt* Batteries In Tefepbene aad Tdecn^ Symtmmt. 
Sioee the sdiqition of the oentnl battery sjstons by tel^dicae 
oompenies, the use of the stcaage batteiy tm this paipoee hss 
beoome veiy oommDn, its adTKntages over the pricHuy oell bung 
as follows : Lower first cost^ amaller space required (about ^ of 
that occupied by an eqaiTiilent primary batteiy), greater oonstaniT' 
of E. M. F. and lower internal resistance, absence of the annoy* 
ing ** creeping salts," and rapidity of recharge. The cost of stor- 
age batterj- nmintenance ia about J ihiit of the primary cell. 

In tele[>hoiie work, the battery is iimtalled in the district sta- 
tion, and clmrged when the line is not in use, from either a street 
connection or a gener-ator in the station. When the line is in use 
for conversation, the charging current is automatically cut off, and 
the battery iilone switched into service. 

The stonige butteiy in telepbone work has become bo impor- 
tant that the following descri[ition of a typical installation ia given. 

In the Filbert Street Exchange of the Philadelphia Bell Tele- 
phone Compiiny there are two genei-attng units, forming a dupli- 
cate plant, e;U'h consisting of one engine, directly connected to a 
30 K. W., 110 volt dynamo. These machines are run on alternate 
days and are used for lighting the building and for furnishing 
power at 110 volts to various motor generatoi-s. The latter com- 
prise two 1.5 K. W. machines for charging a 20-volt battery, one 
1.5 K. \V. machine for chargiug an 8-volt battery; one 500-watt 
luai-liini' for charging a 4-volt Imttery, and two J II. I*. 75-voll 
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alternating current motor- dynamos for ringing call bells. Only 
one machine is installed for the 8-volt battery and one for the 4- 
volt batteiy. Both batteries are in duplicate. To avoid a possible 
break down, a rheostat is furnished, so that the batteries of lower 
voltage cim be charged from batteries or motor-generators of 
higher voltage. All machines are protected by automatic cutr 
outs. 

The 20-volt Iwittery consists of ten " Chloride Accumulators ** 
having a capacity of alx)ut 1,000 ampere-hours, which furnish all 
the current needed by the subscribers for talking and for calling 
up the central office. The 8-volt batteries, in duplicate, consist 
of four cells each having a capacity of 2,400 ampere-hours. This 
battery furnishes current for the " disconnect " signals on the 
operator 8 cords, and for the relays which cut out the suliscriber's 
lamp signal when the operator answei-s his call, by plugging into 
the jack corresponding to tlie lamp signal. 

Half the drop in j)oteiitial of tlie 8-volt battery is in the i- 
volt lanij), and the other half in the cut-out rehiy. This battery 
is in duplicate, so that one can be charged while the other is being 
discharged. Tliis avoids danger of burning out tlie lamps, as the 
voltage of the battery is raised from 8 to 10 volts during cliarg- 
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Each of the duplicate 4-volt batteries comprises six IS-cells 
arranged in two sets. One of these sets consists of four cells, two 
in series, two in multi[)le ; the other of two cells. The two extra 
cells are needed on one of the batteries to supply current for the 
operator's transmittei*s. The latter is arranged to furnish a cur- 
rent of four volts or two volts as desired. The 4-volt l)attery also 
tumishes all current for the lamp signals which light when a sub- 
scriber takes his telephone off the hook. This lamp is put out 
when the operator aiLswers the call. This battery also is made in 
duplicate, one Ijtjing charged while the other is discharged, to 
avoid burning out the lamp from the higher voltage during charge. 

Storage Batteries for Train Illumination. When cars are 
lighted by oil or gas lamps, these, owing to their size, and the heat 
produced by them, can be installed only in certain places, so 
that the distribution of light is not general, besides which, the 
heat and odor given off by the lamps are objectionable. The in- 
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flamraabla character ol tlte illuminantfi involves great danger of 
explosion or fire in case of a truiQ wreck. The aLeence of these 
dUagreesible aiid datigemus featun* in ulectric lig^hting, is what 
has made its apijiication w dcsimblf; in iractioa work. 

Several nmthods of electric illnniination have been tried od 
niilroad tmtns. In one of the simplettt of these :i small dyniinm, 
on the locomotive truck, or one perched above the bmlsr, ia driven 
by a small steam turlHne. Whilu thU U an economical method, il < 
ba« the objection, tliat when the locomotive in uncoupled, tJie can i 
must be illuminated by some other meantt. 

For this reason, the storage batt«ry system of supply has 
been adopted. A descriptiun of one of tQe moat successful meth- 
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Fig. 2SI. Method uf SuNpeDsioD Used bj the " Axle Light " Syetem. 

ods is as follows : The " Axle Light " System, as its name implies, 
derives the motive power for its dynamo from the ciir axle. The 
mechanism is Buspcn<1ed from the bottom of the car, and is com- 
pletely encased, so as to be dust and water proof. It comprises a 
smitU (lyniimo driven from a puHey on the axle of the car by 
means of a friction coupling. 

The dynamo and driving mechanism are shown in Fig. 23. 
The former generates fi-om 32-40 volts, depending upon the speed 
of the triiin prnvidod that it exceeds 15 miles per hour, the dyna- 
mo being tlien automatically connected to the battery and lamp 
circuit. An automatic device rectifies the direc&on of current, so 
that even though the direction of rotation is reversed, die batteiy 
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18 always charged in the proper direction. A variable resistance 
in series with the field coils is automatically adjusted by a small 
motor, so that even at high speed the normal limit of voltage is 
not exceeded. 

The lamps are 16 C. P. at 30 volts, the filaments being short 
and heavy so that they are not injured by vibration. 

After the stomge battery has been charged, it acts in parallel 
with the dynamo and avoids fluctuations in voltage. When the 
car stops, the dynamo is automatically cut out and the full supply 
of current is furnished by the battery, which is large enough for 
a ten-hour supply at full load. 

Storage Batteries for Electrical Laboratories. The great 
advantage of this source of power in electrical laboratories, is the 
fact that any variation in the voltage is very gradual, and by the 
simple regulation of a rheostat in series with the battery, the oper- 
ator can keep his voltage and current absolutely constant, while a 
test or calibration is being made. When a large current is wanted, 
as in the ease of ammeter calibration, the cells may be connected 
in parallel, and discharged through a low resistance, thus cutting 
down the energy- required for the test. A storage battery may 
also be used to step up the voltage, the cells being connected in 
parallel groups for charging and in series for discharging. 

Connection and Regulation of Storage Batteries. The com- 
plete control of a batteiy in an electric-lighting plant requires 
provision to be made for feeding the lanjps, etc., from either the 
dynamo or battery separately, or from the two working in parallel; 
and it should be possible to charge the battery at the same time 
that lamps are being supplied. To accomplish these results re- 
quires three switches, — one to connect the battery to the dynamo, 
one to connect the lamps to the dynamo and one to connect the 
lamps to the battery. In some plants the second switch is omitted, 
because the lamps are always fed by the battery alone, the latter 
being charged during the day, when no lamps are in use. How- 
ever, it would seem desirable to have all three switches in every 
^>iant in order to be able, at least, to supply lamps and charge the 
battery at any time. In the battery circuit there should be an 
amperemeter having a scale on both sides of zero, so that it shows 
whether the battery is being charged or discharged, as well as the 
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▼atue of tho I'urri'iit, Ariotber aiuperemeter ia WKjuired iii the 
circuit ln'twivn tht? dyuamu aad the battery, to show tho direc- 
tion and lUiiount of current. A tliird am i>e re meter is deaimble in 
the lump cirt-uit, to show the totnl current supplied to the lamps ; but 
it net?d only indicate on one side nf zero, since the current there 
alwuys flows iu the saiue direction. A voltmeter is required with 
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any cause the E.M.F. of the latter drops l)elow that of the former. 
This completes the ordinary mciisuring and circuit-controlling 
apparatus employed in connection with storage batteries. The 
arrangement is shown diagram mat ically in Fig. 24, in which A 
and A^ are the two amperemeters, the third one being omitted in 
this case ; V is the voltmeter ; E the voltmeter switc^h to connect 
to the dynamo, battery, or lamps as desired ; G the bus bars ; L, 
lamps ; D, dynamo ; R, rheostat in field-circuit of dynamo. 
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Fig. 25. Face of Switchboard. 

The regulating device consists of eleven end cells, which are 
connected to corresj)onding contacts on the end cell switches 
(Fig. 24). But as the drawing of these connections would com- 
plicate the figure, they hav(» been omitted. Fig. 25 shows the 
switchboard with these devices mounted upon it. 

The Regulation of Storage Batteries is one of the most 
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troublesome niiiU«ri( involved iii their jiractical use. This arises 
from the fact that the voltiige fnlla continually from the begin- 
ning to the end of discharge. To I* sure, this decline is gradual ; 
but its total value ia large, being from about 2.2 to about 1.8 volts, 
which is ft decrease of nearly 1 8 per cent. 

Ill ord^r to maintain a constant voltiige, the uaunl plan ia to 
have ft uninlier of i-xtni ceUs, which aie successively switched into 
circuit as the potential falht. These resei-ve cells and ihu switches 
which control them lire represented in Kig. 24. 

The contact pieces of the.«fi switches most lie nmde in such a 
way that they do not abortx-ircuit the cells as they psiss from (ine 
point to the next. This ia accompliahrd hy splitting the movable 
contact arm into two ]Mrt8i between which a certain amount of 
resistance is introduced, so that when the two parts hapijen to I'est 
on two adjacent contait iK>ints. the resistsuice prevents the cell 
■which is connected to these two |Hiiiils from being short-circuited, 
and also avoids breaking the circuit. 

The number of extm cella depends upon the conditions; for 
110 volt lamps, it would rcijuire 51 cells to obtain 112.2 volta 
when fully charged and giving 2.2 volta each, asaiiniing the drop 
on the coniiuctors at 2 per cent. When the battery becomes dis- 
charged, and it** [lotcntiid falls to 1.8 volts per eVnieiit, 10 addi- 
tional cells or 61 in all, would be needed. These would yield 
111.8 volts, assuming the average potential of the reserve cells to 
be 2 volte, since they have not been dischaiged to the same extent 
as the original battery. If the drop on the conductors is 10 per 
cent of the lamp voltage, the potential at the battery will have to 
be 110 -|- 11 ^^ 121. This will necessitate 4 more elements, or 
a totiil of 65 when the 51 origiTial cells are fully discliarged to 1.8 
volts, and the 14 extra cells give 2 volts each. 

For a three wire system the above figures should, of course, 
be doubled. This switching of extra cells into and out of the 
circuit obviously results in discharging them unequally, hence 
they require to be chained to a corrtsponding extent. This is 
accomplished by successively cutting the cells out of circuit as 
soon aa they become fully charged, tlie hist cell which was put 
into the circuit being fully charged in the shortest time, and so 
on. The amount of charge is determined hy the methods already 
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jriven. If the cells employed are not injured by overcharging, 
they uiay be left in circuit until the entire battery is fully charge.d. 
Tliis saves the trouble of o])erating the switch; but it is wasteful 
of energy, since the full counter E. M. F and resistance of the 
charged cc^lls must be overcome, w^hich recjuires about 2.5 volts 
more per element. The switches might be oj)erated automatically 
by a voltage regulator or by clockwork. 

REGULATION OP QENBRATOR IN CHAROINO STORAQB 

BATTERIES. 

The variation in E. M. F. which occurs in accumulators 
renders it somewhat difficult to regulate the generators employed 
to charge them. A constant potential will give a decreasing rate 
of charge, owing to the gradual rise in counter E. M. F. This is 
advantageous, in that it enables the cells to receive a larger charge, 
but the increase in their voltage is so great that it is practically 
necessary to regulate the charging potential. In practice it is 
customary to maintain the charging current approximately con- 
stant for considerable periods of time, otherwise it would be diffi- 
cult to determine the quantity of energy put into the battery, and 
its efficiency. When extra cells are used they facilitate the regu- 
lation of the generator, since they are gradually cut out as the 
E. M. F. rises. 

If the lamps are supplied at the same time that the battery Is 
being charged, some provision ipust be made for the fact that it 
may be necessary for the voltage of the dynamo to be considerably 
higher than that required by the lamps. One plan is to have two 
sei)ai-ate switches connected to the reserve cells, as shown in Fig. 
24, the charging current from the dynamo being led in through 
one, and the current for the lamps passing out through the other, 
so that the potential can be independently controlled in the two 
circuits. Another method is to insert counter E. M. F. cells (with- 
out active material) in the circuit between the dynamo and the 
lamps, in order to bring down the voltage of the former to suit 
the latter. The number of these cells is varied in accordance with 
the excess of the potential of the dynamo. 

Simple resistance coils niiiy be used in place of the counter 
E. M. F. cells to reduce the pressure ; but the cells have the great 
advantage, that they have an effect practically independent of 
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vtiriiititiiis in tlie mirnmt. All of these methods, however, involve 
ft waflLo of [X)wer. tbo value of which in watts is the pi'odiict of 
the current in amperes, mid the iiuniher of volta by which the 
[wteiitia) is cut down. In riuiiU jilimts this losa is not eeiiouB, 
hut in liirge phuibt or eonti-al stjitions it may hecome very coiisid- 
envhle. 

Booster Methods of Regulation. The l)cat plan is tu mnl^e 
use of 11 "booMttr;" in which i-iiatj the nntin dynamos ai'e niii at 
the pi-oper voltage ki supply the lamp directly, and the addttiotuil 
pi-cesure required to ehai^e the Imtlery is furnished by the booster. 
This is connected in iieries with the dynamo, being inserted in the 
circuit between thu latter smd the battery. 

When A Imttery U plaeed at the end of a long feeder to oom- 
pnnaiite for line drop, and at light loads to act as a storage resenoir 
it is not usual to equip this '■ lloaling Imttery " with any regulating 
device. In such ciu%ee tlie battery is simply connected across the 
line, and the charge and discharge are determined by the feeder 
drop. For instance, when a small load ia on the line, the drop b 
small, and the potentiid applied across the battery teiminals ia 
high enough to send a chaining current into the battery, if the 
load on the line increases the drop naturally increases, tlie pressure 
at the end of the line falls, and if it falls below the battery voltage, 
the battery discharges iu parallel with the generator, and carries a 
certain portion of the load. The " floating battery " has the advan- 
tage of simplicity, and acts immediately, as it has no time Ii^ 
which is always present in any apparatus depending upon changes 
in magnetization. Usually the variations in volt^e and the 
fluctuations in load are too great for successful operation of a f1oat>- 
ing battery on any hut an electric railway or power circuit, and 
a booster would be required if incaudesceiit lighting be a part of 
the load. 

The duty of a booster is to vary the voltage at the battery 
terminals with variation in load, causing charging or dischai^ing 
of current as conditions may require. The booster is an auxiliary 
dynamo, the E. M. F. of which is used to raise or lower the voltage 
in the battery circuit. These machines are classified as series, 
shunt, compound, di£fercntial and constant current boosters. 

The Shunt Booster is a shunt dynamo, driven by any source 
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of power, having its armatni'e circuit in series with the Hue from 
generator to Uttten'. 'I'Uia fonii Is iineil in [ilaiits, where the Lat- 




Kig. 26. Loail Diagram of Case wliere Shunt Booster iit A)iplicabk. 

tory is nob iksigm-il to take up Iniii) tl-ict nations, lint is in st-nii-e 
only to caiTj' tlic jwak of the lojui, Ift-in;^ rlijirtjfi] ilnriiig jH'ritKls 
of Itglit load, anrl dJsf^hat^d in [Mrallcl with the generator. It 
atts to increase the vollji^e a|)i)lie(] to tin; Ijattery so that the 




chai^ng current will flow into tlj.' latl.-r. Ah ii nil.' (lie \mlU:ry 
used in conjiiiifl ion willj a Hhiitjt l"M«tcr Im itiiuli: Iiii(^e i-ir'>iit;li to 
cam- tlie .-ntir- l.«.d -Itirin;,' rlj.- li^'lit. |.«..I i«-i-io.I. A« tlii- l..itl.-ry 
dischai^sand its vollaytt drojin, lli<; "cmi cellM " (N'i,'iilali<iii eellHj 
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^^^B are cut in nud tlie pntper voltage maintained. Fig. 26 shows a 
^^^B litiul diHgram to whlcli tliiti sj uCom is applicnble, and Fig. 27 shoii^ 
^^^H diagruniatically the coiuicctioiiM of thi.s system. A rheostat is used 
^^^^t to vary the boojster voltage, so as to hasten the chatting of the 
^^^^F battery if desired. It is to be noted that the shunt booster is nnt 
^^^H applicable where there are sudden fluctuations that are great com- 
^^^H pared with the capacity of the generator, and that it is not auto- 
^^^H tuatio in changing from charge to discharge, the switching being 
^^^V performed by hand. 

^^V Series Boaster. The oonnecttons are like those of the shunt 

booster with the battery mid booster in series acrosf! the line but 
the field of the booater lieing in series with the battery circuit, its ] 
E. M, K. is zero when no current is flowuig in or out of the 
battery. Should the voltage of the line rise, due to a decrease of 
load, and a charging current ilow into tlie battery, the E. M. F. of 
the hdOHter would increase, and thus tend to increase the rate 
«f charge. The I'everse occurs when the battery discharges, aa an 
increase of load on the line increases the current through the 
series field of the hoost4!r, thus raising the voltage of discharge bq 
that the battery carries a larger part of the load. 

This booater acta to compound the buttery on discharge, and 
tends to miiintiitn a constant voltiige im the line. It de]>end3 on 
the fact that the generator voltage falls when the load increases; 
hence it is used with a shunt generator or equivalent source of 
supply. 

This system is applicable to power but not to lighting puiv 
poses, and is similar in its operation to a " floating battery." It is 
not aa extensively used as the compound and differential booster 
arrangements which give better regulation under similar con- 
ditions. 

Compound Booster. This system is used on railway and 
power curcuits with great fluctuationn in load, the battery acting 
to prevent excessive drop and to assist the generating machinery in 
cai-rying the load, relieving it from the strain of sudden rushes of 
current. The connections of this system are indicated in Fig. 28, 
and the operation is as follows : — Under normal load conditions 
_the shunt field Fh of the booater creates an E, M. F. in the same 
direction as the battery, tending to discharge it. Calhug E, the 
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generator E. M. F. E^, the booster E. jM. F. and Ei, the battery 
E. !M. F., we have E^^-E^ = E,, wlien no current is flowing into or out 
of the battery. In tliis axso the generator carries the whole external 

lond. 

If the load increases E^^ decreases, so that E^, + E^ is greater 

than E^, and the battery begins to discharge. In discharging, the 
current passes througli the series field Fs of the booster and pro- 
duces a proportional E. M. F., acting with the shunt field to raise 
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Fig. 28. Diagram of Coiupound Booster Coiniectious. 

E^, thus increfising the battery dischai'ge and shifting more of the 
load from the generator, luitil the system becomes balanced. 

If the load on the externa) circuit be light, the generator 
volta^ge E^ rises and current flows into the batteiy. In this case 
the series field acts against the shunt field and decreases E„, so 
that the genemtor voltage is greater than booster and batteiy vol- 
tage combined, thus increasing the rat(^ of charge of the batter}^ 
until the load causes the generator voltage to drop to normal and 
the system is again balancjed. Tlui battery and booster can be 
placed at the powc^r hous<.^ or at the point at which the gi*eatest 
drop is likely to occur. 

A battery can also be used to help out the generators at the 
peak of the load, by increasing the shunt field current and thus 
causing E^ + F^^to be greater than Eg. 

Since this system also depends for its action upon the drop 
of voltage with increase of load, it is only applicable^ to shunt 
wound generators or equivalent source. 

Differential Boosters. The difl'tnential booster system most 
commonly used, is shown in Fig. 29. 

The compensating field S, prevents the variation of the bat- 
tery E, M. F. from disturbing the equilibrium of the system. If 
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the battery E. M. F. be lower than normal it will not discharge 
rapidly enough to relieve the generator frpiu overload fluctuations, 
unless the booster E. M. F. be increased, and the generator will 
therefore have to supply a current of greater than its normal 
value. If however a current of greater value than the normal 
flows through S„ the value of (f-Sj) is decreased, and Sg still further 
overpowers the resultant of (f-Sj) and causes a higher booster 
E. M. F. tending to discharge the battery, and thus brings down the 
genenitor load to normal. Should the battery E. M. F. be above 
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Fig. 29, Diagram of Differential Booster Connections. 

its normal value, the battery would discharge too rapidly and carry 
more tlian its share of the load; in this case (f-Sj) is greater than 
it should be, and the booster E. M. F. causes the load to become 

t'Vt'nlv distributed l>et\vet*ii th<' ItatttTv and i:«'n«'rator. 

In oiH'ratiiiir tliis sv^^ttiu \\h* vaiviiiir l«»ad must l>o bevoiul 
iho boostt'r tM|ui|)intMit. It d«'^irtM] tin- coils S. and S, niMV Vm* 
short rimiitt'd so tliat tin/ batlrrv inav lu' cliarLTt'd nion- rai»idlv. 

Constant Current Booster. In systfins lia\inLr short liiirs 
ami small drop it is often desiraM*- to have ih«' \o]taLr<' tall on 
sudden applit-atiiMi i^\ an o\»'rioatl, so that the ni<h ni (*\<-es>ive 
eurrent is prevented. This vn^li of rnrrmt (mtuis in bniidiuL^s 
where elevator and i^iwrr nioto:-^ . ..n^ritntr a larLfe i>ereentaLr«* of 
the h^ad, auvl to pri'\.-n: ;:, :h«' r.-n^tant <u::»*nt booster system is 
useil. 

KiiT. •>*^ ^'presents a e.-n^Mnt rnry«-nt l^xxter svstrm. in wbieh 
the main eurrent pa'^>t'< :':.:«• :_:ii :;.-• a::r.atui'«' and sr-rirs iit-ld of 
the Knvster, and tV.i>i i-;;::: :i: d-.t-s n •: rt-vvr-^e. 

The xv^lta^e i;r.pvi^<' 1 <•'. .i :b: ::.:i::r.L: load o\ n\ot(»rs on tlie 
riirht, is i:'reat'. r t '. I'l :..;.: ':..• - --■ -i ••! :: non-fluetuatinLT load of 
lam|^ on the lefc. by tlie a::.j:n;: of ihe iKK^ter voUiige. 



40S 



STORAGE liATTEK] KS. 



63 



Tbe shunt coil f cifates an E. M. V. in tlie ruiir? direction as 
the generator K. M. K-t while the series coil K opixisos it. 

Should a load come in the motor portion of the circuit, the 
generator sends a greater current tlirough the series coil S, the 
action of which reduces the booster E. M. F. in direct proirortion 
to this nish of current, and causes tlie booster E. AI. V. to vary 
inverselj' as the motor load, thus tending to maintain an almost 
constant current delivery from generator. Tf it is desired to have 




Jj UtlirfC'reiU , _ . 



Fig. 3iJ. ]>ingram of Coiialaiit Current Booster Connection 



the batti-ry funiisli power to Ijoth the lights and motors, at periods 
of light load, and not use the genenjtor, tiiia can be done by simply 
opening geiieiivtor switch and short circuiting the booster by clos- 
ing switch S^. 

The switch S, is closed in charging the battery, its tlie rate 
of cliarge can be controllMl by varying the shunt field resistance 
II. This is often done, when the Imtlery has been carrying a 
lieavy load for some time aiul the recharging must Ite hurried. 
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REVIEW Ql'ESTIONS. 



PRACTICAL TEST QUESTIONS. 

In tho foregoing sections of this Cyclopedia 
numerous illustrative examples are worked out in 
detail in order to show the application of tho various 
methods and principles. Accompanying these are 
examples for practice which will aid the reader in 
fixing the principles in mind. 

In the following pages are given a largo number 
of test questions and problems which afford a valu- 
able means of testing the reader's knowledge of the 
subjects treated. They will be found excellent prac- 
tice for those preparing for College, Civil Service, 
or Engineer's License. In some cases numerical 
answers are given as a further aid in this work. 
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REVIEW QUESTIONS 

ON TIIS SXTnJBOX OV* 

THEORY OF O YN AMO-ELEOTRIO 

MACHINERY. 



1. State the distinction between a generator and a motor. 

2. (<?) What is the object of the coininutator? (6) 01 
what does it consist? 

3. Wliy is it necessary to laminate the core of an armature? 

4. How is the number of ampere-tunis of a coil carrying 

current obtained? 

f). What different parts make up the magnetic circuit of a 

dynamo ? 

6. What is meant by the density of a magnetic field? 

7. Suppose a conductor and magnetic field both to be 
horizontal and at right angles to each other, the direction of the 
field being away from the observer ; if the conductor were moved 
upward across the iield, would the direction of the current induced 
in the conductor he from left to right or from right to left? 

8. What is meant by the building up of a machine? 

9. State briefly what is meant by hysteresis. 

10. What do the electrical and stray power losses of a 
dynamo include? 

11. (a) What is the relation l)etweeu tlie direction of a 
current in a conductor and the direction of its magnetic field ? (6) 
Between the polarity of an electro-magnet and direction of current 
in its coil? 

12. Of what doas the armature consist? 
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TIIKOKV OK UVNAilO-EI.ECTRIC MACIIINEKY. ^ 

IS. How apt' tlio coils of ati armature suuuesbii vely short- 
[ eircnited wlieii a maclime is in ojM^ratiDii '/ 
I 14. Upon what tlu«e factors does Uie elfictro-moti ve foiii* 

genvrntt'il hy a iviiidnctor moving in ii niHgrictio fit-td df jK-nd ? 
y IJ). Ill eali^Htiitg the voltage of a inacliine whitt sevonu 

r fAotoni niiiKl Iw oonaidfred? 

I 16. What disadvaiitageo has the nm^netodjnatno ? 

I 17. When a eUwed coil is niov*^ in aiiiagn^tic; field in such 

« mannvr that tlwrc is no cimnge in the iiiimber of lines passing 

through it, why will tto current flow ? 

18. How are the coils connect4>d to thu commutator bare in 
• ring wimling? 

19. What oppoees the free rotation of tlie nrmature when a 
4ynamo is itnilur Icnul ? 

20. l>florilie hriedy hov the magiietization of an iron core 
I btcivasiF* »» U)o anip<>ro-tiinis of a coil are increased. 

[ 21. When i« a i.-oil said to b<> in tlip iicntrul position? 

I 33. (a) Why dora a single coil roMling lietwoen the poles 

of a magitet give a paUating current? ( b) Stat« hrieJly how tits 

pitWting cunvnt in the coils of a dynamo ia made to give a cur- 

rent I'f Hiiifonn stivngth in thv cxlt-mtil cimiit. 

■ -'i. (i\) DescntM' the difference l>''tiveen closed coil and open 

coll windinp*. (^l'") Between ring and drum windings. 

24, Why is it ,'iitt bnishes of drum-wound machines are 
placed opjKisite the jv^les in^t^ad of Itetwcen them as in riiig^ 
wound machines? 

25, State the different causes which distort the field of a 
dynamo. 

2(i, Why is it necessary to shift the jKwition of the brushes 
when iho Kwd on a dyiianm changei^? 

2". In the drum winding why is it necessarj- to have the 
forwiinl and rt'tiirn portions of a ooil under poles of opposite 
, p<>larity .' 

■JS. Wli.1t ar* the disiul vantages of the series dynamo? 

-&. Siatf the difference in construction between a series and 
dhunt dynamo. 

SO, IVsorilx" the field ounuectious of a compound- wound 
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DIRECT CURRENT DYNAMOS. 



1. Expliiiii briefly the two different methods of distributing 
electrical ix)wer. 

2. (</) Why does the series characteristic curve bend over 
and the voltage begin to decrease when the current is large ? (6) 
Explain why the E. M. F. of a series dynamo decreases very rap- 
idly from about two-thirds its maximum value upon decreasing the 
current. (<•) Draw a diagram of the circuit of a series dynamo. 

3. (a) Why is the voltage of a shunt dynamo at its maxi- 
mum an open circuit? (ft) Why does the voltage of a shunt 
dynamo decrease when the load is increased? ((?) Dmw a dia 
gram of the circuit of a shunt dynamo. 

4. (a) What Ls the general form of the characteristic of i. 
compound dynamo? (J) Wliat is the difference between a long 
shunt compound-wound dynamo and a short shunt compound- 
wound dynamo ? (c) Draw a diagram of the circuit of a short 
shunt compound machine. 

5. What values of E. M. F. and current are used in plotting 
the external, internal and total cliaracterLstics of the shunt 
dynamo ? 

6. How does the construction of shunt coils differ from that 
of series coils ? 

7. (a) Why does sparking occur if the position of the brushes 
is such that the short-circuited coils generate no E. M. F. ? (6) 
What is the correct position of the brushes for sparkless running? 

8. Why should not the curn^nt pass through the springs 
which are used to give the brushes proper pressure upon tb^ 
commutator? 
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DIRECT CrKREXT DYNAMOS, 



9. Explain whr armatures need to be veiy carefully 
balanced. 

10. Give the advantages of carbon bnt-Lt*, and state why 
they are especially useful for hisrh jjotential machines. 

11. Explain why the resistance of the field coils of a shunt 
d^'Damo is calculated ^o low as to require a resistance rheostat to 
be placed in series with it. 

12. What are the gent-ral tests which should lie made upon 
a d^iiamo ? 

13. (ti> Name the best conductors of magnetism. (^') How 
does thtr reluctivity of air comjore with that of copj»er, brass 
wcod, etc. ? 

14. U{)on what does the value of the magnetic flux in a 
magnetic circuit deji»end ? 

15. How does the residual magnetism of a dynamo aflfect 
the chara-.-teristie curve ? 

16. i^a) What features are important in ti*e construction of 
a good commutator? (I) How should a commutator be cared 
for in order to secure evK>-l runiiinir ? 

17. Name the pivcautioii^ th.it should be taken when instal- 
limr J}nian:o<. 

1^. li-rfc-:::::^ :■' :i.r vl- ::. ^::ju::v\e L.iVt- tl.f u-rm- — 
eleot::-: ri ;x. i-!r ::o::: ::'.v : . -, ..i: i :e<:s:a:.or. Wha: a:e the 

U*. W:..;: a:- ri.r L.ris- > : >. .;:k::.^ a: tl.e c -inmuiatc*: ? 

a. . XL •• '-»'..> > *.»»_»» '.•,.»*-» ..1a.i.>.4wLi<.v. Vt.X4..» i« •!» «» '411.1111* 

wi»u::d .1 :::;.;:;; It '' 

-1. ' ' » Ex:^;:!! ::-c- cHr- : - f ::.•/ >viiv- c il • l a L«':ii;'v:'und 
dviiamo. • ' ■ Kxi l.^':: \\ Lv : ::; >:/::.: ai.a s-iic> o^•iI^ are le- 
quiivl :•• ii.akr .. ■Iv:. .;::.- -r^lr-ivj::!. .:::.;. < ■' » Wl.at is the etleet 
it lli^ stri-r^ ■■:! «i"» - !.'•: l.avr- ^-i: :-]: ::;r:.s7 (-7) What is the 
elle-: if ::.'• >-::•- 'i :.;;> : - • ::. .:.v tu:•^^ ? 

'2'2. >:.;>■ ::.o >: -- iai avi\a:-: i^vs o: a :o't:.t.d arniaiiiie eoie, 

'2']. t ' ' N. ;::../ :.-v ::..;j:.r:ic dv:.>itv I'tTs-iuare iiali r.su lUv 
iili'-wt-i I :■ ::v-i,i ::..;_:!. -is ^-i oa<: iron, i^l j Ui wrougla iron 
• 'V < ^t -a-: ->.-i. 

-4. ( /. \V;..:t a:e hoi^v-^H^wei cui-ves ? i^l) Wi.at are 



i^sisUiuce iiiics / 



416 



REVIEW QUESTIONS 

oi>r THB suujiflGrr or 

TYPKS OF i )YNAMO-IlLEanRlC MACHINKRY: 



!• Show in what points modern gencmtors are superior to 
older types. 

2. State l)riefly what part the spider of a modern generator 
phiys in the performance of the machine. 

3. What is meant by a "generator of the engine type "? 

4. What do you understand by an »Mron-(;hwK' arnuiture? 

5. Mention five different methods by which generatoi-s are 
driven. 

6. What were the disadvantages of binding wires as ap- 
plied to amiatures, and by what means have they been dis^jensed 
with in modern generators? 

7. Would you select an enclosed or open ty[>e of motor for 
operating a printing press which runs practically without intei^ 
mission ? State the reasons for your choice. 

8. Discuss the advantages and disadvantiiges of direct- 
driven generatoi*s as compared with indirect-driven generatora. 

9. In modern machines of large size the outer yoke or 
frame is often stiffened by flanges. As the yoke is not subjected 
to outside mechanical strains, why is it ne(^essary to stiffen it? 

10. Dc8cril)e different methods by whicli the armatui-e may 
be removed from large size generatoi"s. 

11. Describe the oj)ei-ation of the equalizer rings. 

12. Describe briefly the im[)rovements that have been made 
in the wearing qualities of modt»rn commutators. 

1 3. Stsite what you consider to be good practice in detei^ 
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[nuning current deiuri^ for bnislies of a low poteatul direct onr> 
rent generator. 
14. State what yoa judge to lio good practice id inwilating 
annstiiro coils. 
15. Why should the efficiency of a 1000 K. W. generator 
remain high at low load #-hile in tlie case of a 1 K. W. generator 
Bocli results would not be esppcled? 
16. Whiit are the disadvantages of ehafting as necessitated 
by Jndiiect motor diiving? 
17. State why an "outboard " bearing is necessary in large 
belt-driven generattirs. 
18. Show bow a generator shaft is kept lubricated. 
19. Wliy is a slow-epeed motor preferred for general use in 
numufacturing plants? 
20. la engine-type and direct-driven generators how la 
uniformity of rotation maintained? 
21. Describe the dynumotor. 
22. What do you consiiler to be good pi'actice in calcuL-iting 
tmperes per square inch of cross-section of conductor in armatui-e 
coila for well-ventilated slow-speed engine-type generators ? How 
I many ampei«3 would yon permit an insulated armature conductor 

of bar shape, one-quarter inch thick and two inches wide, to carry? 

23. In the Westinghouse arc lighting generator why should 
a separate exciter be recommended? 

24. Indicate the present tendency in designing direct current 
motors, and state the advantages of connecting tlie motor directly 
to the machinery whicli it operates. 

25. Give the essential features of a generating set ior use on 
shipboard. 

26. Discuss the various considerations that ent«r into the 
problem of equipping a manufacturing plant with motors. 

27. By what means has it been made possible to use the 
electric motor in exposed positions and dust-loaded air? 

28. What is good pi^actice in allowing overload capacity in 
a railway motor? 

29. Do yon understand that slow-speed motors for a given 
output are heavier tliau bigli-speed motors, and if so, why? 
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REVIEW QUESTIONS 

OM THB SUBJBOT OB* 

DIRECT CURRENT MOTORS. 



1. State briefly the fundamental principle of a motor. 

2. Upon what does the speed of a motor depend? 

3. '^I'he armature resistance of a motor is .6 ohm and the 
E. M. F. applied at the brushes is 120 volts. When the counter 
E. M. F. is 82 volts, what current passes in the armature? 

Ans. 63.+ amperes. 

4. Explain why the speed of a series motor on a constant 
potential circuit increases when the load is removed. 

5. What are the different ways of reversing the direction of 
rotation of motoi-s? 

6. If the output of a motor is 60 horse-power and the 
armature makes 490 revolutions per minute, what is the torque? 

Ans. 643.-]- foot-pounds. 

7. Why is it necessary to cut out the starting resistance of 
a motor in order that it may be brought up to speed? 

8. In what direction will the armature of a shunt generator 
rotate when i-un as a motor compared with the direction of rota- 
tion when run as a generator? Explain. 

9. Explain briefly the different methods used to vary the 
speed of shunt motors. 

10. A shunt motor on a 230 volt circuit takes 55 amperes 
at full load, the speed being 760 revolutions per minute. What 
resistance is it necessary to insert in the armature circuit in order 
to have the motor run at J speed when the torque is ^ that at full 
load? Ans. 2.8 ohms (approx.). 

11. In stopping a shunt motor why should the main switch 
be opened he/ore the armature circuit is broken ? 

12. What are the advantages and disadvantages of series 
motors ? 

13. The current in the armature of a shunt motor is 30 am- 
peres and tlie E. M. F. at tlie brushes is 220 volts. If the armature 
resistance is .8 ohm, what is the counter E. M. F. ? Ans. 196 volts* 
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14. What is the difference betveen tlie electrical and gram 
efficiency of a motor ? 

15. What is the oammercial efficiency of a 500 volt motor 
wUch takes a corrent of 120 amperes, theoatput beiiig71.6 hocs^ 
power? Alls. 89 ^. 

1 6. Explain bow a difbientiid eompoand motor gives a oon- 
•tmtBpeed. 

IT. Wl^ ia it miDoaeanij to uae a wfarting raaistanoe fcnr 
mieB motois on constant coimt dicoits ? 

18. The toiqne exerted l^ a S5 bof86^)OW«r motor is S85 
fiiotpoanda. What nnmber of levolations per minnta does it 
nab? Ans. 549 r. p. m. (approx.>. 

19. In the jHeoedii^ example what is the poll in ponnds at 
die dToamferaioe of tiie pulley if the palley is 20 inches in diam- 
eter? Ans. 402 pounds. 

20. What is the gieat objectitm to revenii^ a motor while 

miming ? 

21. Shont moton have whst great advantage? 

22. Expltun how by overwinding the field ooils of a series 
motor, nearly constant speed may be obtfuned with varying load. 

23. How may the necessity of shifting the bruBhes of a motor 
with change of loiid be largely jireventetl ? 

24. In wliat eases may series motors lie used to lulvantage ? 

25. (rt) What isaeiimiiliitive conii>ouiid motor? (fi) State 
its advantages. 

26. Why are motors but little used on coiistujit current 
circuite ? 

27. The differential motor liaa what serious disadvanti^e ? 

28. The counter E. M. F. of a shunt motor on constant 
potential mains lias what value when the output is a maximum ? 

29. A motor is to be installetl that is tc be frequently stop[>ed 
and started under a heavy load, and must lia/e a nearly constant 
speed. What kind of a motor eboiihl be used ? 

80. It is desired to run a compound generator as a motor 
and in the same direction as when run as a generator, (a) What 
connections if any must be changed? (6) Will it be necessary 
to move the brushes ? 
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STORAGE BATTERIES. 



1. What 18 the lowest value to which a lead battery should 
be discharged? 

2. What means may be employed to make up for the drop 
in potential of storage batteries during discharge ? 

3. What causes sulphating ? 

4. What plate of a storage battery is the positive? 

5. Describe the several indications by which the amount of 
charge in a storage battery can be determined. 

6. How is the capacity of a storage battery usually ex- 
pressed ? 

7. What is an electrolyte? 

8. What is meant by floating battery, and when is it ap- 
plicable ? 

9. How must a storage battery room be arranged ? 

10. What causes buckling? 

11. Why are there always more negative plates than posi- 
tive plates in a storage battery ? 

12. Give several applications of storage batteries. 

13. When a storage battery is charged what is found on the 
positive plate and what is found on the negative plate, and what 
occurs when the cell is discharged ? 

14. What is the maximum voltage obtainable from a lead 
storage cell ? 

15. How may sulphating and buckling be prevented? 

16. How would you put a battery out of commission for a 
long period, and how would you place it in service again ? 
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